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ABSTRACT 


A population of Hekisoma trivokvis (Planorbidae, 
Planorbinae) inranrartificial pond inrcentralwAlberta-was 
studied in 1968 and 1969. These snails could be aged by 
counting the "rest lines" produced annually on their shells, 
and while some individuals had survived four or five years, 
adult snails were mostly one year old. Shell growth 
occurred during the spring. The population was distributed 
largely within about 20 feet from shore. Adults gradually 
moved nearer the shore during spring and summer, but appar- 
ently retreated to deeper water before autumn. Juveniles 
(newly hatched snails over 2.0 mm in diameter) were con- 
centrated between 1.5 and 4.5 feet from shore through July, 
but became less concentrated and began moving away from 
shore in August. Larger juveniles were found farther from 
shore than smaller specimens. The Abundance Index (mean 
number per transect, covering 10 sq ft) of adult snails in- 
eneasedufiromelss24in Mayatoesi to 44-0 ringMaye1969;,.<butide- 
clined drastically by the end of 1969 after an almost total 
loss of juveniles. Juveniles had a maximum Abundance Index 
of 209.2 in August 1968. The Abundance Index of adult 
snails declined to less than unity during both summers. 
Spawning occurred in the spring and early summer. Egg 
masses, containing 10 to 68 eggs, were deposited near the 


bottom of the pond on dead vegetation, rocks and the shells 
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of living snails. Eggs deposited on Plexiglas substrates 
(described) were utilized in determining that spawning 
occurred earlier at locations nearer the shore, and that 
rising water temperature stimulated spawning while de- 
creasing temperature had depressive effects. Spawning could 
not be artificially induced in the laboratory by warm 
temperatures and long-day photoperiods. After juvenile 
snails exceeded 8 to 9 mm in diameter, their rate of growth 
decreased and reproductive maturation began. Some juveniles 
attained this size by mid-July and nearly all did so by 
peptember.— Up tomésperacent of the,adult snails were in- 
fected by the rediae of Echinopanryphium recurvatum, an 
echinostome trematode. These rediae destroyed the ovotestis, 
albumen gland and digestive gland of their hosts, causing 
their castration and death. The metacercariae of this 
trematode encysted in the kidney of Helisoma trtvolvis and 
may have caused heavy mortality in newly hatched juveniles 
in 1969. Its major definitive host was the blue-winged 

teal (Anas discors). Population interactions among Heltsoma 
trivokvis, Echinoparzyphium and blue-winged teal were dis- 
cussed with emphasis upon the effects of snail density. 
Extensive data on water temperatures were obtained, and 

an apparatus was designed to collect water samples in a 


syringe for dissolved oxygen analysis. 
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Figure 20. 


Postulated interactions among Helkisoma 
tnivolvis, Echinoparyphium and blue-winged 
teal, through which the level of recruit- 
ment of Helstsoma trivolvis may be depress- 
ed 
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INTRODUCTION 


Ecologists are beginning to consider the poss- 
ibility of constructing new, stable communities and 
ecosystems, designed specifically to meet the needs of 
mankind (Odum, 1969). But our understanding of the com- 
ponents available, that is, our ecological knowledge of 
specific organisms, is generally inadequate. 

Despite their medical-parasitological importance, 
wide distribution, and prominence in the aquatic environ- 
ment, the freshwater snails are among those animals whose 
ecology is poorly understood. 

Mozely (1954:38) commented that "in earlier days 
it was taken for granted that all bodies of water are in- 
habited by dangerous species of snails. Now it has been 
found that they are markedly restricted in their occurrence. 
But the old legend dies slowly." 

This study was stimulated by a similar observa- 
tion, that, in central Alberta at least, certain 
basommatophoran gastropods were to be found in but a 
fraction of the numerous, apparently suitable, habitats 
present. Furthermore, an analysis of the suitabilities of 
a large number of ponds, judged on the basis of what was 
known of snail biology, provided no obvious explanations 
For the distribution of snails among them. 


It seemed, therefore, that a prerequisite for 
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understanding snail distributions was a more adequate know- 
ledge of the biology of individual species. 

With this in mind, a study was initiated in 1968 
on an established population of Helkisoma trivolvis 
(Planorbidae, Planorbinae) in an artifical pond situated 
futtyemiles north of §-admonton, Alberta. + Of iprimary «concern 
were the questions "Where does this snail live within this 
pond?","What are the Ghamacteristicsucs ttsshabitacc., 
"How, when and where does it reproduce?", "What factors 
CONCrIDULeTEOTHES MoGtali ty?" sands (What changes,occur in 


the structure of this population within and among years?". 
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STUDY AREA 


A permanent man-made pond (Clyde Pond), located 
in central Alberta near the village of Clyde, was the site 
of field investigation and the source of Helisoma trivolvis 
Specimens used in the’ laboratory (Fig. 1 and 2). This pond, 
Situated near the northern edge of the parkland, was sur- 
rounded on two sides each by cultivated land and tame hay. 
It had been excavated in June 1960. 

In 1968 emergent vegetation in Clyde Pond was 
restricted to a few small stands of Typha lLatifokia. Sub- 
merged vegetation was present as a narrow band near the 
shore consisting of heavy growths of MyrztophylLum 
exalLbescens and scattered clumps of two unidentified 
species of Potamogeton. Most of the Typha lLatifolia was 
dead by the middle of the summer of 1969 as a result of 
lowered water levels. MyrtophylLum exakbescens, on the 
other hand, had spread by this time across the entire pond. 

In 1968, its snail fauna consisted of relatively 
abundant Helisoma trivolvis, a much smaller number of 
Physa gyrina, and a very few Lymnaea stagnalss and 
Stagnicola pakustrtis (lymnaeid nomenclature according to 
Inaba, 1969). Judging by the empty shells found, 
Stagnicola pakustnris had been abundant in previous years, 


while Lymnaea stagnalis had probably been rare or absent. 
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Also numerous in this pond were insect larvae, 
particularly Tendipedidae, cladoceran and amphipod 
crustaceans, and oligochaetes. Small fish Cuaea 
Anconstans and Pimephales promekas and an ectoproct 


PLumatella nepens were abundant in 1968, but not in 1969. 
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Figure 1. The location and physical features of Clyde 


Pond. 
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Figure 2. The bottom profile along the sides of Clyde 
Pond, and the positions of the maximum and 


minimum recorded water levels. 
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GENERAL METHODS 


Physical and Chemical Features of Clyde Pond 


A stake was driven firmly into the bottom of the 
pond at the start of the study. At intervals thereafter, 
changes in water level were determined by measuring the 
distance from the water's surface to a reference point on 
this stake. 

Dissolved oxygen concentrations were determined 
in water samples taken several times in 1968, and at 
various locations, one of which was always near the middle 
of the pond. On each occasion, a sample was collected at 
the water's surface and at one-foot intervals down to 
about one inch from the bottom. Burkets (1962) modifi< 
cation of the Winkler method was followed . 

In this "micro" technique, most of the reactions 
occur within a 10 ml syringe; a new piece of equipment was 
devised (APPENDIX I) which made it possible to take water 
into the syringe directly at any desired depth. In pre- 
paration for sampling, the syringe (a) was placed in the 
sampler and held in position by rubber bands(b). The 
plunger of the syringe (c) was then pressed tightly 
against the end of the syringe barrel by raising the slide 
(ad) of the locking mechanism, and the heavy rubber band 
(e) was attached to the end of the plunger. The removal 


of all air bubbles from the syringe was facilitated if 
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the syringe was wet. 

A water sample was obtained by lowering the 
readied apparatus to the desired depth (marked on the cord 
(£) ) and then releasing the messenger (g) to travel down 
the cord. The messenger, striking the slide of the lock- 
ing mechanism, causes the syringe plunger to be released 
and pulled upward by the rubber band (e) thus drawing the 
water sample into the barrel of the syringe. In shallow 
water at least, it is convenient to replace the cord with the 
probe cable of an electronic thermometer. The position of 
the probe may be adjusted so that the temperature is ob- 
tained exactly in the stratum of water being sampled. 

After the water sampler has been retrieved, the 
elastic bands holding the syringe are removed and the 
syringe containing the water sample may be lifted from 
the sampler. 

The Calcium hardness and the pH of the water 
were determined using a Hach DR-EL portable analysis kit. 

On most visits in 1968, water temperatures at 
the surface and at one foot intervals down to the bottom 
were recorded near the middle of the pond. This was al- 
ways done when dredge sampling or dissolved oxygen 
analysis was carried out. 

In 1969, a Ryan thermograph, stationed about 


12 feet from shore and 15 inches beneath the water's 
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surface (Station A) provided a continuous record of water 
temperature from April 28 to September 15. A second therm- 
Ograph was stationed on the bottom, directly below the 

first (Station B), from July 9 to August 17. Water temp- 
eratures-were also taken periodically at the bottom of the 
pond at selected distances from shore, and at one-foot inter- 
vals from the surface to the bottom in the vicinity of the 


thermographs. 


Distribution and Age Structure of the Snail Population 

Data on the composition of the Helisoma 
tnrAvokvis population, and its distribution within the pond, 
were Obtained primarily by systematically sampling the pond 
bottom at least once per month during ice-free periods in 
1968 and 1969. In some instances, to be noted later, these 
data were supplemented by observations on snails collected 
by hand or dip net. 

For bottom sampling, transects were established 
by stretching a nylon rope tightly across the width of 
the pond. A six-inch-square Ekman dredge was operated from 
an inflated rubber dingy, which was moved along these 
transects to the required sampling points. Sampling and 
the measurement of water depth began at the water's edge 
and continued at pre-determined intervals along the 
transects. Initially, samples were collected at three- 


foot intervals, but later, as the snails appeared to be 
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concentrated near the shores, this spacing was reduced to 
1.5 feet to improve collecting efficiency. Sampling series 
were terminated between 13.5 and 21 feet from shore, and 
generally from two to four series of samples were collect- 
ed on each sampling date. 

No transect was followed more than once to avoid 
any bias that might have appeared as a result of the dis- 
turbance of the bottom by previous sampling. 

In 1968, dredge samples were transported in large 
plastic bags to the laboratory at Edmonton where they were 
washed and sorted over a series of screens, the finest of 
which had openings 0.75 mm square. The living snails, 
empty shells, and snail egg masses recovered were preserved 
(70 per cent ethanol and 5 per cent glycerine). 

The maximum diameters of both inhabited and empty 
shells of Helisoma trrtvokvis collected were measured to the 
nearest tenth of a millimeter. 

It was found that many snails less than 2.0 mm in 
diameter were unavoidably damaged in the sorting process. 
Therefore, this size class was disregarded, and in 1969 the 
dredge samples were sorted in the field over a single screen 
with 2.0 mm square openings. Live snails and emnty shells 
were retained in 1969. 

For a study of possible depth preferences in new- 
ly hatched snails, a column-like aquarium (48 inches tall 


by three inches square) was filled with water to a depth 
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ce 
of 45 inches, and kept at room temperatures (20-22°C) near 
a north window. This encouraged a sparse but more or less 
uniform growth of algae, and associated organisms on the 
aquarium walls. In mid-May, 12 Helisoma tnivolkvis snails 
were brought directly from Clyde Pond and accomodated in 
this aquarium for one day. The positions of all egg masses 
deposited were recorded. 

The eggs were allowed to hatch, and the vertical 
distribution of the young snails was noted immediately 
after hatching. Such observations were continued at inter- 
vals for about two and a half months. No extra food was 


supplied. 


Reproduction 

The process of egg mass deposition by Helitsoma 
trivolvis was observed in a transparent aquarium. 

In 1968, the egg masses recovered from each dredge 
sample were counted, as were the eggs in each egg mass. 
The locations of the egg masses, in terms of water depth, 
distance from shore and substrate type, were also noted. 

It was discovered in 1968 that Plexiglas intro- 
duced into the pond was acceptable to Helisoma trivolvis 
AS-a-supstratum £0r its egg masses. “Thus, an? 1969, 
"artificial substrates" of this material were placed in 
Clyde Pond to obtain information on how such factors as 


the time of year, water temperature, distance from shore 
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a2 
and the presence of other egg masses might influence such 
things as rate of oviposition, location of egg masses, and 
fate of the eggs. 

Substrate units consisted of 1/8 inch thick 
pieces of Plexiglas, each one foot long by three inches 
wide, bonded together to form a one-foot-tall "box" with 
open ends three inches square. The surface of the Plexi- 
glas was scored in a grid of one inch squares, so that egg 
masses could be recognized individually by their positions 
on the substrate. 

In order to station substrates systematically at 
various depths and distances from shore, 12 two-inch- 
Square wooden stakes were driven into the pond bottom ina 
row perpendicular to the shoreline. The first stake was 
placed about one foot from shore, where the water was 
initially three inches deep, and the others at intervals 
of 1.5 feet towards the middle of the pond. 

An artificial substrate unit was then threaded 
over each stake and lowered carefully to the bottom by an 
attached nylon string. The substrates were in position 
before oviposition had begun, and they were examined to re- 
cord both new egg masses, and the condition of previously- 
noted egg masses, up to three times weekly during the re- 
productive season. 

When there were few egg masses per substrate, the 


total number of newly deposited eggs was determined by 
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counting them directly with the aid of a hand lens. Gener- 
ally, however, egg masses were so numerous that this was 
not feasible, and the number of new eggs had to be deter- 
mined indirectly as the product of the number of new egg 
masses and the mean number of eggs per new egg mass. 

Two additional artificial substrates, situated 
several yards to-one side of the original row of stakes, 
yielded egg masses which were removed each time the sub- 
strates were inspected, and taken to the laboratory for 
counting of the eggs. 

In order to study reproductive maturation, juven- 
ile and adult Helisoma trivolvis were removed from their 
shells, and their ovo-testes, seminal vesicles, and 
albumen glands were examined under a dissecting microscope. 
The state of ovo-testis development was judged by the pro- 
minence of the acini, while the criterion used for the 
albumen gland and seminal vesicles was relative size. 

In mid-May 1969, spawning Helitsoma trtvolvis 
were collected and observed in the laboratory to determine 
the average rate of oviposition under controlled conditions. 
One hundred specimens were divided into groups of five, 
and placed in 20, numbered, one-gallon, plastic containers 
which had been perforated to allow the passage of water. 
Each of five 12-gallon aquaria held four of these contain- 
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The air temperature in the chamber holding these 
aquaria was set at 16°C, to correspond to prevailing temper- 
atures in the pond, but the water temperature fluctuated 
diurnaliy withintthesrange of 14.5°C-toel8e5°C4asrairesult 
of evaporative cooling and heating from the lights. 

The photoperiod was set at from 0430 to 2030 
hours, which corresponded to field conditions at the time 
of collection. 

The snails were provided an excess of an artifi- 
Cial diet (Lee and Lewert, 1956) which had previously been 
found acceptable to this species. 

Aquarium water was continuously aerated and passed 
through filters containing glass wool and activated char- 
coal. 

Egg masses deposited in the containers were 
collected every two or three days. 

To determine whether increasing and decreasing 
temperature regimes could respectively stimulate or de- 
press egg production, 80 Helisoma trivokvis were taken from 
theependseonhMaye28 ,21969;. andtadded, rnegroupsiofmlo, 
to eight plastic containers of the type described above. 
Two containers were placed in each of four aquaria. An 
excess of the artificial diet was provided throughout 
the experiment, and the aquarium water was aerated and 
filtered continuously. 


The temperature in the pond had decreased from 
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15 
about 19°C on May 25, to about 13°C on May 28. ‘Thus, 
the first aquarium was held at 12.5-13.0°C for one week to 
investigate the effect of maintaining the temperature 
reduction which the snails had just experienced in the 
field. The temperature was then increased to 16.0-17.0°C 
for three days to discover whether the effect was rever- 
Sible, 

The second aquarium was maintained at 19.0- 
20.5°C for one week to demonstrate the effect of rapidly 
increasing the temperature by 6°C, to its previous high 
level of May 25. 

The third and fourth aquaria were held at 15.0- 
18.0°C for five days, and then the fourth was warmed to 
1820-19.0 C for two days. This demonstrated the effect of 
increasing the temperature by 3°C, and of increasing it by 
6°C in two steps of 3°C each. 

The numbers of egg masses and eggs deposited in 
the eight containers were recorded. 

Another series of experiments was carried out to 
determine whether, and at what time, spent Heltsoma 
trLvokvis would begin to spawn again if kept under more or 
less constant conditions in the laboratory, and whether 
snails from the pond could be induced to spawn in the fall 
by bringing them to warmer conditions in the laboratory in 
fall or late summer. 


Firstly, 50 specimens were collected in June 
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1969, and divided into two groups to be maintained as long 
as possible, one at 15-18°C and the other at 22-25°C. 

The photoperiod was maintained between 15 and 16 hours. 
The water was continuously aerated and filtered, and a 
steady though not always excess supply of artificial food 
was provided. 

Secondly, six to eight snails were collected 
weekly from August 11 to September 1, 1969 and kept at room 
temperature, in culture dishes, with an excess of artifi- 
cial food until mid-September. Any evidences of copulation 
Or spawning were recorded. 

In order to test whether a period of cold or 
freezing temperatures followed by warming was necessary to 
permit spawning, 60 Helisoma trrivolvis were obtained from 
Clyde Pond on October 5, 1969, and assigned in equal numbers 
to five treatments. In the "control" treatment, 12 snails 
were held at 18-19°C for the duration of the experiment 
(5 months). In the remaining four treatments, the snails 
were subjected for one week, or for one month, to either 
2-6°C or 0-3°C (temperatures near the lower extremes of 
these ranges were in effect most of the time). After their 
cold treatments, the snails were warmed and maintained at 
18-20°C until March 1, 1970 when the experiment was ter- 
minated. Examinations for egg masses were made regularly 
throughout the experiment, and a steady supply of artifi- 


cial food was provided. 
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Mortality Factors 

Hekisoma trivolvis was subjected in the laboratory 
to instantaneous changes in temperature of up to 12°C, both 
Warming and-cooling, within the range of 4 to 20°C. The 
snails were maintained at the new temperatures for at least 
one week. Other snails were subjected to 0°C for various 
periods up to three days, or to freezing in ice for 24 
hours; they were then warmed enough to allow activity. 
Snails were considered to have died when they showed no 
spontaneous movements, or no response to a pin-prick. 

Specimens of the fish present in Clyde Pond were 
collected and identified, and their stomach contents were 
examined for the remains of snails. 

Specimens of each species of the tabanid larvae 
(Diptera) and leeches found in the pond were maintained in 
small dishes, in association with specimens of Physa gyrina 
and Helisoma trivokvis for two weeks. Any evidence of 
predation on the snails was noted. 

Helisoma trivolvis recovered by dredging in both 
years, and many of the snails used in the laboratory, were 
examined to evaluate both the incidence of trematode para- 
Sites .jand sthes.nieitects,.on stheis ascnailshosts...gallgsnails 
found to be infected by rediae (from all collections) 
were classified as lightly, moderately, or heavily infected. 
The location of the rediae, as observed using a dissecting 


microscope, was also recorded in each case. These data 
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described the progress of redial infections in terms of both 
the order in which various organs were attacked, and the 
time of year. The occurence of metacercariae also was 
recorded. 

An attempt was made in the laboratory to follow 


the complete life cycle of the trematode found. 


Statistical Analysis 

Wherever there were sufficient numbers of observa- 
tions, the data obtained in this study were plotted as fre- 
quency distributions to determine whether they could be 
analysed by "parametric" statistical tests. In every case 
examined, the populations to be tested violated the required 
assumptions. That is, the frequency distributions were not 
"normal" distributions and/or the variance was not homo- 
geneous among treatments. In view of this, "distribution 
free" statistical tests were employed in all analyses. The 
Kruskal-Wallis Rank Sum Test (Bradley, 1968:138-141) was 
applied to multi-population comparisons, and the Wilcoxon 
Rank Sum Test (Bradley, 1968:105-114) to two-population 
comparisons. Both tests are valid regardless of the dis- 
tribution of observations, and under normality are only 
slightly less powerful (Asymptotic Relative Efficiency = 
0.955) than their parametric counterparts, the F and t 


tocia (A R.E. =.1.000) (Bradley, 1968-60). 
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RESULTS AND DISCUSSIOV 


Physical and Chemical Features of Clyde Pond 

There was a difference of 25 inches between the 
maximum and minimum levels of the surface of Clyde Pond dur- 
ing the period of study (APPENDIX II). The substantial de- 
clines in water level following August 13 and September 11 
in 1968 resulted from water being pumped out of the pond 
for use in highway construction. The rise in water level 
following August 21, 1968, was the result of water being 
added from another pond nearby. 

The apparatus used to obtain water samples for 
dissolved oxygen analysis (APPENDIX I) eliminated the need 
to transfer the samples from a collecting bottle to the 
test vessel. Thus, the likelihood of sample contamina- 
tion was greatly reduced, and tests could be completed 
more quickly. This apparatus also made it possible to 
define within an inch the depths from which samples were 
recovered. Schindler (1969) has also described a device 
for collecting water samples in a syringe, but because 
the barrel of the syringe moves downward as the syringe 
fills, his apparatus does not sample a single stratum of 
water. Also, the syringe is not as conveniently removed 
from his sampler as from the presently described appar- 
atus. 


The data obtained on dissolved oxygen concentra- 
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tions are listed in APPENDIX III. Above a short distance 
from the pond bottom, the per cent saturation was always 
Eelatively high. “However, during the night of July 25, 
1968, oxygen was substantially depleted at the pond bottom. 
Because this night had been both warm (APPENDIX V) and caln, 
the recorded value of 3.0 ppm was probably very near the 
Minimum value for the summer. 

Since the genus Helisoma is resistant to 
anaerobic conditions (von Brand, McMahon and Nolan, 1955), 
the Helisoma trivokvis population in Clyde Pond was expect- 
ed to tolerate depletion of oxygen in winter. This ex- 
pectation apparently was borne out since Helisoma 
AnrAvokvis survived the winter of 1968-69, while the brook 
stickleback (Culaea inconstans) and the fathead minnow 
(Pimephakes promelas) did not. 

It has long been known that soft water environ- 
ments are inhabited by few snails (Pennak, 1953). Van der 
Borght and Van Puymbroech (1966) have explained this fact 
by showing that 80 per cent of the calcium fixed by 
Lymnaea stagnalis was derived directly from the surrounding 
water. 

Calcium hardness and pH measurements are given 
in Table 1 for Clyde Pond and other artificial ponds in 
central Alberta. The ponds near Fox Creek were about 140 
miles west of Clyde. A few empty shells, but no living 


snails were found in ponds B and C. About three quarters 
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Table 1. Calcium hardness and pH recorded in artificial 


ponds in central Alberta. 


Pond Location Date 


Clyde Pond Clyde 16/5/68 
B Clyde 22/5/68 
C Clyde 2/5/68 

Forty Ponds Fox Creek mid- 


summer 
1967 


Calcium Hardness 
(as Caco 3) ppm 
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of the Fox Creek ponds supported populations of one or 
more species of basommatophoran snails, but there was no 
apparent relationship between the occurrence of snails and 
either calcium hardness or pH (APPENDIX IV). It seemed 
unlikely, therefore, that the distribution of snails among 
ponds in central Alberta was significantly restricted by 
calcium concentrations. 

The Clyde Pond water temperatures were found to 
fluctuate markedly, in time and from place to place (see 
APPENDICES V to VIII). Such variability apparently re- 
sulted from complex interactions among many factors, and 
though these factors were not investigated specifically, an 
impression was gained a the identities and roles of the 
more Significant among them. 

Bright sunshine seemed to be the most important 
agent in warming the water, and where the water was more 
than a few inches deep, it contributed to the production 
of vertical temperature gradients. Strong winds, on the 
other hand, tended to mix the waters and obliterated such 
gradients... Wind, intending to increase evaporation from 
the water's surface, will also have had a cooling effect. 
Aquatic vegetation exerted a major influence by shading 
the deeper water and presumably by retarding mixing. It 
thus accentuated and tended to stabilize vertical strati- 


fications. 


Lateral temperature gradients were almost always 
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found (APPENDIX VI) with the warmest water being near the 
shore, and it was assumed that these were primarily a func- 
tion of water depth. The distances from shore selected 

for these temperature measurements were such that tempera- 
tures were recorded beside the stakes which held the Plexi- 
Gaas Ssubtrates (ps2). 

Water temperature changes recorded in 1969 at 
thermograph Stations A and B are given in APPENDICES VII and 
VIII. It was decided to characterize daily temperature 
regimes by the values recorded at 0600, 1200, 1800 and 
2400 hours. 

Hao voU0MOL wuLy 29 6LO. OG008on vuly 30) 19697, 
thermal stratification at the thermograph stations was 
the inverse to the usual situation, with the warmer water 
being nearer the pond bottom. This situation appeared 
several times when rapid cooling was taking place, but it 
was always short lived. Young and Zimmerman (1956), who 
first recorded such inversions in a shallow pond, also 
associated them with an abrupt change from warming to 
cooling conditions. 

At Station A, the 0600 hours temperature was gen- 
erally the lowest and the 1800 hours temperature the high- 
est each day (Fig. 3 and 4). Aliso, the daidy maximum and 
minimum temperatures were always closely approximated by 
at least one of these four temperatures. At Station B, 


daily temperature fluctuation was much less marked than at 
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Figure 3. 


Relationships between the time of day 
and the occurrence of the daily maximum 
and minimum water temperatures at 
thermograph Station A, (15 inches 

below the water's surface) April 29 


to September 14, 1969. 
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Figure 4. Daily temperature fluctuations typical 
of thermograph Stations A (15 inches 
below the water's surface) and B (at 


the pond bottom). 
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Station A (Fig. 4); a change of more than one decree 
Centigrade per day was rare and changes lagged those at 
Station A by 122 hours’ er more. 

The four temperatures recorded daily at each 
thermograph station were averaged and considered as mean 
daily temperatures for these locations (Fig. 5). 

In composite, these data demonstrated that temper- 
ature profiles in shallow waters are often complex, and that 
they are furthermore almost constantly in a state of flux. 
They emphasize that extreme care must be exercised both in 
interpreting temperature data ecologically, and in planning 
when and where to record such data. Reid's (1961) text 
gsyaimost alone in considering even briefly temperature 
conditions in shallow waters. He pointed out (p. 121) 
that "Microthermoclines and odd temperature stratifica- 
tions exist in certain small bodies under given condi- 
tions". This should not, however, be interpreted to mean 
that only the stable epilimnion-thermocline-hypolimnion 
type of stratification is significant; or normal.) Infact; 
in a shallow water environment, where rapid and profound 
changes in temperature apparently occur many times in a 
summer, the "odd" temperature conditions, though diffi- 
cult to investigate, may well be ecologically the most 


Significant. 
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Figure 5. Mean daily temperatures at thermograph 


Stations A (15 inches below the water's 


surface) and B (at the pond bottom) dur- 


ing the summer of 1969. 
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Distribution and Age Structure of Snail Population 

The numbers of snails recovered from each dredge 
Sample are shown in APPENDIX IX, along with the sampling 
dates, and the distances from each sampling point to the 
shore. "Juvenile snails" were those hatched in the 
Current .sseason, while, "adult snails" were, those recruited 
in earlier years. 

Variability in the spacing of sampling points, 
in the length of the sampling series, and in the numbers 
of series completed each day arose from several technical 
problems and from attempts to minimize the time expended 
in sampling areas of relatively low snail density. While 
some errors in judgement were made in this regard (for 
instance, the series on August 13 and August 21, 1968 
ideally should have extended further from shore), the re- 
sulting bias towards underestimation of snail densities 
was probably small. 

Heavy transverse "rest lines" (Baker, 1928) 
were observed regularly on the shells of all species of 
snails collected. 

Orton (1923) was. the first. to, suggest.that “rings” 
on the shells of molluscs were indicative of the cessation 
of growth over winter, and that they could be used in age 
determination. There has been much difference of opinion 
concerning this technique and its value apparently varies 


with the species, the, locality, the moisture conditions; 
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and possibly other factors as well (Comfort, 1957). To 
test its applicability to the present study, the distance 
from the: last: rest; line to the lap of the shell was 
plotted against month of collection for Helisoma 
trivolvis specimens from Clyde Pond (Fig. 6). Snails 
obtained both by dredging and by hand collecting were 
utilized, but those parasitized by trematode rediae 

(see p. 80) or otherwise obviously abnormal were disre- 
garded. 

When all five months were considered, the dis- 
tances from the lip of the shell to the last rest line 
were Significantly different among months (P, ¢<0.01, where 
P, represents the probability that the null hypothesis of 
no difference was true). This suggested that the shells 
had lengthened significantly between the early spring and 
the fall. Since there were, however, no significant 
differences in shell growth among June, July, August, and 
September (PB, >0.05) most, if not all, of the growth had 
occurred in May or early June. 

A thickening of the lip of the shell, which be- 
gan to appear in the late summer, was the only evidence of 
rest lines found on juvenile snails. Similarly located, 
but more pronounced thickenings were evident on virtu- 
ally all snails collected in the fall ‘and early spring. 

It was concluded from these observations that 


one rest line was produced per year in Clyde Pond, and 
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Figure 6. 


Growth in circumference throughout the 
summers of 1968 and 1969 (distance from 
the last rest line to the lip of the 
shell) for adult Helisoma trivokvis 


collected in Clyde Pond. 
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that the number of rest lines on the shell was indicative 
of the number of summers survived. 

When the number of rest lines on the shells 
Helrsoma trivolvis was investigated, it was found that 
while their maximum life span was about four years, most 
of the adult population was one year old (Fig. 7). These 
data also suggested that relatively few snails had been 
recruited in 1966, or else such snails had survived 
rather poorly after recruitment. The former possibility 
seemed probable since evidence was obtained in 1969 that 
recruitment could be strongly depressed through high 
mortality of juveniles (p.88). 

The empty shells from adult Helisoma trivolvis 
(unlike those of the juveniles) could persist intact in 
Clyde Pond for two years or more. If the shells from dead 
adults of different ages were uniformly likely to be coll- 
ected, and had a uniform rate of decomposition, the age-at- 
death for shells (Fig. 7), determined by counting the rest 
lines, would indicate the "average" proportions of the 
adult population that died at each age. If these shells may 
be considered representative of a totally dead cohort hatch- 
ed in a single season, these data also reflect the "average" 
age structure of the adult portion of the population. 

Regarding maximum life span, these data were 
somewhat at odds with reports in the literature. Maxi- 
mum life spans previously reported for several 


basommatophorans are listed in Table 2, and Hyman (1968: 
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Figure 7. 


The age structure of the adult popula- 
tion of Helisoma trivolv~és in Clyde 
Pond. The majority of the empty shells 


were collected in May 1968. 
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613) has concluded that "most freshwater pulmonates live 
about one year", (Pulmonata has been abandoned in 

favour of Basommatophora (Taylor and Sohl, 1962) as the 
name of this. taxonomic order.) This discrepancy may 
Reve-meant that Hextisiomaitrtvolvzs is lenger’ lived than 
most basommatophorans, but, Since a few specimens of 
Lymnaea stagnakis, Stagnicola pakustnis and Physa gyrrina 
WeresaisS “ound near, Edmonton with) foursor, five rest Linés 
on their shells, other explanations must be examined as 
well. Except in the a pekatons investigations, where 

the ages of snails were known exactly, the age criterion 
meas to obtain the information in Table 2 was merely 

the size of the shell. In Clyde Pond, one-year-old 
Helrisoma trivokvis were often found which were larger than 
some three-year olds. Thus some of the data in Table 2 
may be biased, and the values may approximate modal rather 
than maximum life spans of adults. On the other hand, 
Comfort (1957) has suggested that the rate of ageing of 
snails may be modified by both nutrition and temperature. 
Snails may simp lyibe “long lived in| central Alberta because 
of the cool climate and long winters. 

Le was’ logistically ampossible towcamuy out a 
sufficiently intensive sampling programme to permit an 
anadlysrs of ithe variation am starledensmty) paral helras 
Well as perpendicular, “tothe shoneline., Sfowever, 


the variability between sampling series was sometimes sub- 
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Stancval (see suly 25, 1968 and wune 13. 9969" APPENDIX 
ix), and also, one sample collected on October 3, 1968, 
vrelded many more snails than had any other sample on 
that or the two immediately preceeding sampling dates 
(APPENDIX IX). The extent of this variability emphasized 
the need for the replication of observations, and the 
samples were grouped, therefore, into only seven "distance 
eee sei Om CO mle ao) COG 5 "or 0 COs, One O1y s eOn ellos, 
PeeomcO. U5. 0), Lo57 to 2b8 5 and 19,0 s0remore feet from 
shore. Replication had also bean provided, of course, by 
replicate sampling series. 

The first distance class, which was shorter than 
the others, was equivalent to the zone where wave action 
Caused ObVioOUS modification of the bottom. Fine soil 
Basercles and Getritus in this zone were floated into 
deeper water by even slight ripples, and the sand par- 
ticles left behind formed a relatively unstable substratum, 
Snails and other macro-invertebrates were more or less 
absent from this distance class, except in sheltered 
focac1ons OL on ;Ccalm days” 

Because the slope of the bottom of the Clyde 
Pond was relatively constant over most of the zone 
Sampled. (Fig. 2).,. the patterneor the distuibution of 
Snalls was virtually the same whether based upon water 
depen or distance from shore; Therefore, ‘snail distri— 


buUtLON was described only in terms of distance from shore. 
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Estimates of the density of Helisoma trivolvis 
were calculated for each distance class as the mean number 
of specimens recovered per dredge sample. Separate cal- 
culations were made for adult (Fig. 8) and juvenile (Fig. 
9) snails, and the latter were further subdivided into 
five size classes. The first size class contained speci- 
mens less than 2.0 mm in diameter and those with broken 
shells. The limits of the remaining size classes were 2.0 


fore.) 5 to 7/295. Soto 10.9, and more than 10.9) mm. 


The densities of empty juvenile shells (Fig. 9) 
were calculated similarly, except that the size class 
containing small and broken specimens included those 
under 5.0 mm in diameter instead of those under 2.0 mm. 
The 2.0 to 4.9 mm class was not applicable to the empty 
shells because at this size they were so fragile or 
weakened by erosion that relatively few were recovered 
Intact. 

In statistically analyzing the effects on the 
density of adult snails of sampling date, distance from 
shore and the interaction between these two factors, the 
sampling dates May, June, July, August and the composite 
of September and October were recognized. The distance 
Classes (concidereda were 1.5to 4.5, 5.0 7co.8s.0) 6.5 EO 
PS and) 12.0 tors: 0 tect’ from shore... The=0.0 to <0 
ft distance class was excluded because, as previously 


noted (p.35 ), it encompassed a habitat which was used 
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Figure 8. Estimates of the density of adult Helisoma 
Anivolvis in Clyde Pond during 1968, and 1969. 
The numerals shown indicate the number of 
dredge samples collected in each distance 


class. 
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Figure 9. 


Estimates of the density of juvenile 
Hekisoma trrcvokvis (living snails and 
empty shells) in Clyde Pond in 1968 
and 1969. The numerals shown indicate 
the number of dredge samples collected 


in each distance class. 
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by snails only when wave action was negligible. To have 
included the data from this area merely would have burdened 
thesstatisticaletests with: a) largersexperimental error: 

The distance classes merece 15 feet from shore were ex- 
cluded because they were not represented at every sampling 
time. 

As evidenced by significant declines in their 
density !)(P)<0.01), adult Helasoma dcararcvolv14, suffered high 
mortality during the summers of both 1968 and 1969 (Fig. 
8), but this mortality was not complete, even in 1968, 
Since in August 1968 a few adults were observed in the 
pond, and 10 per cent of the adults collected in 1969 were 
more than one year old (Fig. 7). 

The density of adult Heltsoma trivolvis was 
Significantly greater (P,<0.01) in May 1969 than in May 
1968 (Fig. 8); therefore, the snail population had been 
expanding during 1968. Both general observations, and 
the data obtained from dredging, indicated that in the fall 
also the density of adults was greater in 1969 than in 
2968. 

No significant differences in the density of 
adult snails were detected among distance classes 
(P,>0.05), but the effect of the interaction between time 
and distance was significant (P,<0.01). Thus, while none 
of the distance classes were consistently the most heavily 


populated by adults there had been an increasing tendency, 


= 
» a | 
& ri rT i i 2oW Te 
a 
de yp F, - 92 1 A 
i ; ¥ | 
Loe 
4 hi 4 
5 s + 
z 
z g 4 
t r ae vee 
A ine 
€ t i) 
y 
1] 
= 7 ’ 
¢ 
* , ea i (f ! } 
a 
a 
i t f 3 
dip' f f 
& * ie F 
! tO 4 PAE! HEINE 
2 P 
* ; : mete A 
4 ‘ 5: v Ps a L AP Firgh en 2 
, yr tp hie 
| | nw aj as 
B . aah > Homimpalo or 
Bid are 
be . , y ay f : 4 % 7 , die. a fh gi CP . 
+ ty a} i ~~ aw i 
Of RES Soe Jo. sae Ia Iee Bow) ad high in to ba ne . 08 ae 
= ‘ ; i! . o ‘ 
s “4 r, oo as aw 
“a i < 4 he at Lt it 


; 2 pan Toy 4m a5 


Scat eis ee, 
' 7 a 


sae at, a eH Ls sg 


40 


from May to August, for these snails to be located near 
the shore (Fig. 8). The data for September and October 
suggested, though very weakly because of the low number of 
specimens recovered, that this trend was reversed in the 
a8 

Thick mats of MyrtophyllLum exakbescens were pre- 
sent along parts of the shoreline of Clyde Pond after mid- 
summer in both years, and these tended to dissipate waves 
before they reached the shore. Mature Helisoma trivolvis 
were often seen very near the shore in such protected 
locations (Fig. 8), but they were found here comparatively 
rarely after the last week of August. This was considered 
to be further evidence of an autumn migration into deeper 
water. 

Another possibly related observation was that 
Helisoma trivolvis became more or less inactive in Clyde 
Pond after about the end of August. Specimens were 
typically found withdrawn into their shells, along with 
a small amount of mud, and lying on the pond bottom. Also, 
when brought into the laboratory they exhibited little 
activity for at least several weeks. 

In 1968, juvenile snails were first recovered 
on July 2, but they were not prominent in dredge samples 
anti! July 16 (Fig..9). Apparently they had been too 
small before this time to be distinguished from the other 


material in the samples. The differences in the density 
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of juvenile snails among sampling dates (July 16, July 
25, August 13, August 21, August 29, and the composite of 
september and October 1968) were statistically significant 
(P,< 0.01). The same distance classes included in the 
analysis of the density of adults were also considered 
here. The differences revealed by the above general 
analysis were located by statistically testing pairs of 
consecutive sampling dates. No significant differences in 
density were detected among July 16, July 25, and August 
a> (Fo>0.05), but, significant declines were detected be- 
tween August 13 and August 21 (P,<0.05) and between August 
21 aA August 29 (P,<0.01). There was no significant 
change in density from August 29 to September - October 
(250 .105).. 

In 1969, virtually no juvenile Helisoma trrivokvis 
were recovered from dredge samples (Fig. 9), and very few 
were obtained by any means. 

To summarize the changes in the sizes of both 
mature and juvenile populations, density estimates were 
translated into abundance indexes for each sampling date. 
For each distance class, the mean number of snails re- 
covered per dredge sample was multiplied by the number of 
six-inch-wide dredge samples that would have exactly 
filled that class. The several products thus obtained for 
each collection date were added together, and the total 


became the "Abundance Index" (Table 3). 
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Table 3. Abundance Indices for juvenile and adult Helisoma 


tnrAvokvis in Clyde Pond, from May 1968 to Septem- 


ber 1969. 
Abundance Index 
Date Juveniles Adults 
1968 May 16 0.0 LS 2 

May 24 
June 17 0.0 See 
July 2 7.0 
July 16 a ley i ees! 325 
July 25 197 7: 
August 13 20522 
August 21 160.9 0.0* 
August 29 974 6 
sept .f al 

107.8 0.0* 
Oct. 8 

1969 May 16 0.0 44.0 

June 13 0.0 19.5 
July 8 O25 5a 2 
JULY 22 
August 14 0.8 3.0 
Sept. 9 0.0 0.6 


ar a ee ee Be ee ee i ae es Se ee bee ee 


* Underestimates: see 1969 collections, Figure 7. 
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The Abundance Index was approximately equivalent 
to the total number of specimens present in the six-inch- 
wide transect running perpendicular to the shoreline, 
rrom the water's: edge to about 20 £t from shore (total 
erea about 10 sq” ft ).' Since’ the bulk) of the snail 
population occurred within this zone (Fig. 8 and 9), 
changes in the Abundance Index were considered applicable 
to the whole population. 

The significance of a difference between Abundance 
Index values may best be judged by the significance of the 
difference between corresponding density estimates. 

When the Abundance Index for juvenile snails 
in 1968 was partitioned according to size classes (see Fig. 
9), it was found that, while the number of snails between 
8.0 and 10.9 mm in diameter had increased markedly from 
July 16 to August 21, the number of snails over 10.9 mm 
in diameter had remained relatively constant (Fig. 10). 
Since there had not been simply a disproportionately high 
mortality rate among the Jarger snails (Fig.99), 2t was 
concluded that the growth rate of juvenile Heltsoma 
trivolvis had declined to almost zero after they entered 
the 8.0 - 10.9 mm size class. Possibly general growth was 
halted because of physiological demands associated with 
preparation for the ensuing spawning season (pp.69 and 
TO) 


The densities of the empty shells of juvenile 
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Figure 10. 


Changes in the Abundance Index for 
each size class of living juvenile 


Helkrisoma trrcvokvis during 1968. 
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Helisoma trivolvis (Fig. 9) were significantly different 
(P<0.01) among collection dates in 1968 (July 25, August 
13, August 21, August 29 and the composite of September 
and October). Since empty shells were numerous within a 
few inches of the shoreline, samples from all distance 
classes to 15 feet from shore were considered. 

Since this analysis could not locate the signi- 
ficant differences it had detected, the differences be- 
tween paired consecutive sampling times were also tested 
statistically. Significant increases in density were 
revealed between August 13 and 21 (PB <0.05) and between 
August 21 and 29 (B<0.05), but the differences between 
July 25 and August 13 and between August 29 and September- 
October, were not significant (P,70.05). 

No empty shells of juvenile Helisoma trivokvis 
were obtained in 1969. 

Both the distance from shore, and the interaction 
between distance from shore and time of sampling, had 
significant effects (P,<0.01) on the density of Helssoma 
PLAY OLY LS APL. oD)» puna tS the distri bur tongote uveni Le 
snails was correlated with the distance from shore, but the 
nature of this correlation changed progressively with the 
advancing date. More specifically, the snails had remained 
eoncontrated. in thes]. Suto 4.5 ft distance class through 
July, but in August, and particularly in mid-August, they 
began to be found further and further from shore. 


Concurrently with this movement, the snails be- 
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came less and less concentrated within particular distance 
classes, until finally, in September and October, the 
probability that the observed distribution of snails had 
occurred by chance alone, was approximately 0.40. 

This distribution pattern probably was maintained 
throughout the winter, since on May 16, 1969 there was no 
Significant difference (P,>0.05) in density among distance 
efasses (Fig. *8)". Invthis analysis; all distancé “classes 
between 1.5 to 18.5 feet from shore were considered. 

In the fall of 1968, even though there had been 
no real differences in juvenile snail density among dis- 
tance classes, there was a wide range of variability among 
samples (APPENDIX IX). On October 3, one sample had 
yielded 27 snails, while no other sample held more than 
six, and the mean number recovered for all other samples 
was about one. This uncommonly large sample may have 
resulted from a tendency for Helisoma trivokvis to occur 
in “aggregations in*the fall. Since only one such sample 
was collected, the possibility existed that such clump- 
ing was atypical of the whole population, but if it was 
typical, such behavior could function in bringing partners 
together for mating. 

unfortunately, copulation of Helisoma trrtvolvirs 
Was never observed in Clyde Pond, but if this species copu- 
lates in the early spring as does Physa gyrina (DeWitt 


1954a), to become aggregated just before and during winter 
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would seem advantageous. Unlike Physa gyrina, Hekisoma 
tnivolvis was very slow moving when water temperatures 
were below about 10°C. Thus the combination of clumping 
and a tendéncy toward inactivity in the autumn (p.40) 
could greatly facilitate the search for mating partners 
insthe spring. “Copulation is probably of critical in- 
portance to efficient reproduction in Helisoma trivolkvis 
since DeWitt and Sloan (1959) have found the Planorbidae 
Eo, be-poorly adapted for self fertilization. 

The effect on the density of juvenile Helisoma 
trivolvis of the interaction between distance from shore 
and shell diameter, was significant (BR<0.01). All 
specimens over 2.0 mm in diameter were included in this 
analysis. It was concluded, by reference to Fig. 9, that 
snails in the 2.0 to 4.9 mm size class were abundant only 
in the 1.5 to 4.5 ft distance class, while progressively 
larger snails were most numerous at progressively greater 
distances from shore. 

Since the effect of this interaction between 
distance from shore and diameter, and that of the pre- 
viously mentioned interaction, between distance from shore 
and sampling time (p.45), were somewhat parallel, there 
arose the possibility that shell diameter and sampling 
date were merely two different ‘expressions of the effect 
of the passage of time. This ambiguity could not be re- 


solved by the data available. 
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Twenty-one egg masses were deposited in the tall 
aquarium at a mean depth of 36 inches. All the eggs 
hatched on the ninth and tenth days after oviposition, and 
after hatching was completed, Ay eee were counted. 
Their distribution in the aquarium was just the opposite of 
the distribution of egg masses; 30 per cent were found 
within one inch, and 50 per cent within one foot of the 
water's surface. Obviously a relatively rapid upward 
Migration had occurred. 

One day later, about 15 per cent of the snails 
were found within an inch, and 40 per cent within a foot 
of the surface. There also seemed to be a slight con- 
centration of snails near the bottom of the aquarium, appar- 
ently as a result of snails having lost their attachment at 
the surface of the water, after which they settled passive- 
ly to the bottom. 

On the third day of observations, the pattern 
of distribution had changed completely and the new pattern 
was maintained until the experiment was terminated two 
and a half months later. During this period relatively 
few of the snails were observed at the water's surface 
or on the walls of the aquarium, and those that were showed 
no obvious depth preference. The majority of the snails 
were now on the bottom of the aquarium, hidden in a thin 
layer of debris. The snails falling to the bottom of the 


aquarium apparently found an attractive environment, and 
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either the tendency to migrate to the water's surface had 
been lost by this time, or this tendency was weaker than 
that to remain in the debris. 

Possibly the debris contained a source of food. 
Bovbjerg (1965) found that Stagnicola refslexa moved more 
or less randomly with respect to food until a suitable source 
was discovered. Movement then ceased as feeding began, 
and over a period of time animals became aggregated at the 


food source. 


Reproduction 

Helisoma trivolvis performed a more or less 
stereotyped series of activities in depositing its egg 
masses. Having selected the spawning site, a snail 
typically spent up to 30 minutes in scraping clean, with 
the radula, an area of the substrate about 2 cm in dia- 
meter. Radular movements then ceased, and they were not 
resumed until after the egg mass had been deposited and 
abandoned. The snail then positioned itself near the 
centre of the cleaned area, and retracted its head and 
the anterior half of its foot into its, shell. In a minute 
or less the egg mass appeared beneath the anterior of the 
snail's foot, and it was immediately pressed against the 
cleaned substrate by the re-extension of the foot and 
head. The egg mass, consisting of many eggs in an 


amorphous gelatinous matrix, was flattened and became 
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nearly circular in outline. The snail spent the following 
30 to 90 minutes alternately resting with its foot cover- 

ing the egg mass, and travelling back and forth across it. 
During this period the egg mass seemed to contract slight- 
ly as it became affixed to the substrate. Its attachment 

was particularly firm near its perimeter. 

The snail finally abandoned the egg mass, and 
within a few minutes began normal feeding activity. 

Specimens of Helisoma trivolvis of all ages from 
one to five years old were brought from Clyde Pond into the 
Jaboratory,~in,Mayul969. | Some of these snails.were main-y 
tained in isolation from one another, and within a few 
days representatives of each age group had produced at 
least one egg mass. The only specimens which failed to 
produce egg masses had been damaged in collection or were 
heavily infected with trematode rediae (p.g0). 

Hyman (1968:613) concluded, in reviewing the 
literature, that most basommatophorans die after one 
spawning. It was apparent that either Helisoma trtvolvis 
is.atypical of itsS,order,,..on.else thes literatures contains 
errors in this regard. 

The relationship between the size of the snail 
and the number of eggs per egg mass was not specifically 
investigated in Helisoma trivokvis. However, there seemed 
to be general agreement with DeWit's (1955) observations 


on Physa fontinalis that the size of egg masses was linear- 
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ly correlated with the size of the shell. DeWitt (1954b) 
has shown also that the shell height in Physa gyrina was 
linearly correlated with total egg production. 

The 102 usable egg masses collected in 1968 
from natural substrata in Clyde Pond contained from 11 to 
68 eggs per egg mass. A mean of 37 eggs per egg mass was 
calculated, and there was no difference among the means 
for May, June and July. There was also no difference be- 
tween the means for egg masses from natural and Plexiglas 
substrata. 

Of the 95 egg masses collected by dredge sampling 
in 1968, 78 per cent had been deposited on dead, but as 
yet undecayed, stems of aquatic plants, primarily 
MyrtophyllLum exalkbescens. Only 4 per cent were found on 
living MyrziophylkLum exalkbescens, although it was available 
in abundance, but 18 per cent were attached to the shells 
of living Helisoma trivolvis. Egg masses were never found 
on empty snail shells. Stones from adjacent farmlands 
had been dumped into the pond at several locations, and 
Since these areas could not be sampled with an Ekman 
dredge, the extent to which stones were acceptable as 
spawning substrata was evaluated merely by inspection. 
Stones approximately four or five inches in diameter common- 
ly carried several egg masses, and it was estimated that, 
where available, stones were used to about the same degree 


as dead plant stems. 
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The egg masses found on vegetation were in dredge 
samples collected between 3 and 9 feet from shore (water 
depths were between 9 and 24 inches). Eggs found on rock 
and Plexiglas substrata, however, were taken from water 
between 2 and 54 inches deep, and it seemed likely that 
the location of the spawning sites was influenced more 
by the availability of an acceptable substratum than by 
the depth of the water. 

In 1968, the onset of spawning was not recorded 
in Clyde Pond because egg masses of Helisoma trivolvis 
were found on the first sampling date (May 16). The 
peak of spawning apparently occurred near the end of May, 
but some oviposition continued into early July (Fig. 11). 

Newly deposited egg masses were also obtained 
from Clyde Pond in 1968, ‘through 24 or 48 hour trials of 
the acceptability of Plexiglas as a substratum for spawn- 
ing. The relative numbers of egg masses deposited on 
the Plexiglas indicated that the rate of spawning of 
Helisoma tnrivokvis was relatively high on May 29, but 
that it had declined 60 per cent by June 12, and 85 per 
centiby July 16. 

In 1969, a relatively early spring was exper- 
ienced, and in Clyde Pond Helisoma trivokvis began spawn- 
ing on natural substrata between May 1 and May 5. Egg 
masses appeared on the Plexiglas substrates at the same 


time (APPENDIX X), indicating a ready acceptance of them 


by the snails. 
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Figure i) 


The mean number of eggs of Helrzsoma 
tnrLvokvis recovered per dredge sample 
for sampling dates in 1968 (all samples 
from 1.5 to 1530 feet from shorerane 


included). 
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Most of the egg masses deposited on the Plexiglas 
were from Heltsoma trtvolvis, but those of Lymnaea 
stagnalis and Physa gyrina also appeared occasionally. 

Hekrcsoma t*rtvokvis egg masses were concentrated 
near the lower edges of the Plexiglas substrates (Fig. 12)), 
though they were usually placed somewhat above the surface 
Ope cne bottom imud. “Ihe depth to: which substrates sank 
into the bottom was evidenced by traces of mud clinging to 
the Plexiglas, and this distance was generally between 1/2 
encaws/4 of an inch, Egg masses on. the inner surfaces of 
the substrate did not appear to be concentrated at any 
particular level. Because they were few and difficult to 
examine closely, egg masses on the inner surfaces of these 
Substrates were ignored. 

This patternooOk distribution, pilus Chepbactenac 
90 to 95 per cent of the egg masses were deposited on the 
outer surfaces of the substrates, was considered further 
evidence that gravid snails, began oviposition almost 
immediately after encountering an acceptable type of sub- 
Stracum. 

Tm the hovizontel plane, the distribution tofsedG 
masses on the Plexiglas substrates was not significantly 
ditterent £rom a random distribution (2) 0205). 9 However, wme 
Variance/mean ratio was approximately 0.86, which implied 
there had been a tendency towards a uniform distribution. 


This may have been a reflection of the fact that egg masses 
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Figure 12. The vertical distribution of 1033 Helissoma 
tnrrivolvzAs egg masses deposited on Plexiglas 


substrates in Clyde Pond in 1969. 
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never quite touched one another, even though up to six 
were occasionally deposited within one square inch. 

Between 5 and 10 per cent of the egg masses de- 
posited on the substrates disappeared before they had 
Matched, but it was|not learned whether these had been 
removed by predators or had simply become detached. The 
latter explanation seemed the most likely, since the 
missing egg masses were gone without trace, and only two 
partially damaged egg masses were observed during the 
entire spawning season. 

Figure 13 shows the mean number of eggs recorded 
per egg mass of Helkisoma trtvolvzés through the 1969 spaw- 
ning season. The initial sharp increase, Pollewe by a 
gradual decline to the end of the spawning season corres- 
pond with McCraw's (1952) observations on Stagnicoka 
pauses. 1AA brought into the laboratory an the spring, 

The mean number of eggs per egg mass was Signi- 
Sicanoly n().<0.05) lower in @L9eo than Inel 96s weut pie 
reason for this was not clear. 

To facilitate statistical analyses, jehne 12 
Plexiglas substrates were grouped, by fours, into three 
Gategoriés of distance from shore. The ranges of distance 
from shore for these categories were initially 1.0 to 5.5, 
Foto ll. 5 and 23.0 to 17.5 feet, and thelr mean distances 
from Shore were about 3, 9 and 15 feet. “During the spayw- 


ning season, declining water levels (APPENDIX II) caused 
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Figure 13. 


Changes in the mean number of eggs per 
egg mass of Helisoma trcvolkvizs during 
the 1969 spawning season. The egg 
masses had been deposited on Plexiglas 


substrates in Clyde Pond. 
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the shoreline to retreat about 1.5 feet and these distances 
were therefore decreased accordingly. This also resulted 
in substrate number 1, the substrate nearest the shoreline, 
becoming unavailable to the snails after about May 15. 

The mean number of Helisoma trivokvis eggs de- 
posited per substrate per day in each distance category 
(Fig. 14), was calculated from the data recorded in 
BEPENDIX X and Pig, 13. 

It became clearer in 1969 (Fig. 14) than it had 
been in 1968 (Fig. 21) that in Helzsoma tac volvis spawn- 
ing was fundamentally a springtime activity of finite 
duration. The snails appeared to be prepared, at the be- 
ginning of the spawning season, to lay a more or less pre- 
determined total number of eggs, and ceased spawning for 
the year once these eggs had been deposited. These findings 
when combined with the knowledge that the snails were 
capable of spawning repeatedly in subsequent springs (p.50), 
was yet another contradiction of several reports in the 
literature. It has been both stated and implied, for 
Lymnaea stagnalis (Noland and Carriker, 1946), Lymnaea 
columella (DeWitt and Sloan, 1958), Lymnaea humilis 
(McCraw, 1961), Lymnaea perxegna (Hunter, 196la), Lymnaea 
emanginata (Howard and Walden, 1965), Stagnicoka palustris 
(Eisenberg, 1966), Physa gyrina (DeWitt, 1955), Physa 
fontinalis (De Wit, 1955; Duncan, 1959; Hunter, 196la), 


and Physa spp. (Howard and Walden, 1965), that once spawn- 
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Figure 14. 


Rates of spawning by Helisoma trivolvis, on 
Plexiglas substrates, at three distances from 


shore injCivae. Pond, in 1969. 
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ing is initiated it continues unabated until the snail be- 
comes senescent or dies. Agersborg (1932) reported that 
Physa gynina spawned throughout the year? in-an artificially 
warmed ditch in Illinois. De Witt (1955; 1967) concluded 
that regardless of the season or photoperiod, oviposition 
would only be interrupted if water temperatures dropped 
below a ‘certain’ critical’ level (about 10°C). 

Helisoma trivokvis is not among the species 
listed above, and there is a possibility that its repro- 
ductive behaviour is different from these other 
basommatophorans. Nevertheless, one can hardly overlook 
the fact that all the studies cited either failed, in 
considering populations, to take stock of the variation 
among individuals, or failed to determine whether the con- 
ditions under which the snails had lived before the in- 
vestigations began were of any importance. The fact that 
a population of snails produced egg masses continuously 
should not have been considered evidence that individual 
snails had done so. It could equally well have occurred 
through asynchrmous spawning of individuals having re- 
latively short reproductive periods. It may be significant 
that Jenner (1951), who demonstrated that Stagnicola palustris 
did not spawn in the laboratory under photoperiods of less 
than 13.5 hours, had obtained his specimens from the field 
in the late autumn, while De Witt (1967), using laboratory 


reared Physa pomilia and PsSeudosuccinea cokumekla (a 
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lymnaeid) found that spawning occurred even when the snails 
Hhadsbecen. Maintained in, total darkness; 

Considering the entire spawning season, the 
number Ofseggs.deposited per substrate, per, day was ysignifi- 
Comey greater (P< 0505) in the intermedzate distance cate— 
gory (Fig. 14). This distance category was apparently pre- 
fe~red for. spawning, sites, since the snails themselves had 
Nota been concentrated here (Fig.,.8). 

The effect of the interaction between date and 
distance from shore on the number of eggs deposited per 
substrate Den Cavewasasionuaticants (P0001) Wao. aaa) 
thatcecs,scthe hajOr<spawningmperiod.,did.not,occur at, the 
same time in the three distance categories, but was progres- 
sively later at greater distances from shore. There were, 
however, striking synchronies among distance categories in 
changes in oviposition rate (May 21 to 28), and the maxi- 
mum spawning rates for all three categories occurred con- 
currently (May. 24..to 26). 

It was noted that. the most abrupt rise and.fall 
inpOVipOsition rate (May 22 to 27, 9Figs 14) hed been parai= 
Veled by € Gimilarlyvabsupt risesand fal letnewaler tempera. 
ture at thermograph, Station A, (APPENDIA Vilje. Thess cuggesred 
that. changes in the water temperature might have significant-— 
ly influenced the snails' motivation to spawn. 

Jenner (1951) demonstrated that in Stagnicolka 


pakustrds spawning was stimulated or suppressed by in- 
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creasing or decreasing water temperatures. Warming has 
been considered stimulatory to spawning in Lymnaea App. 
(Van Nieuwenhoven and Lever, 1946; Precht, 1967, Van der 
Steen, 1967) and in Austnralonrbis glabratus (Michelson, 
2961). 

It seemed likely that water temperatures near 
the substrates in the distance category closest to shore, 
where the water was relatively shallow, would have been com- 
parable to temperatures at thermograph Station A, which was 
15 inches below the water's surface. Such similarities 
were evident in the data recorded later in the summer 
(APPENDICES VI and VII). When the data on water tempera- 
ture at Station A and the data on spawning rate in the 
first distance class were plotted together (Fig. 15), they 
were found to be very closely correlated up to about the 
end of May. It appeared that oviposition had not occurred 
before the water temperature had risen above about 10°C, 
and that above this level, rising temperatures had stimu- 
lated spawning, while falling temperatures had suppressed 
0h she 

Temperature data similarly applicable to the two 
deeper distance categories were not available. However, it 
seemed probable that the warming in spring of the water 
near the bottom of Clyde Pond had occurred more slowly at 
greater distances from shore. The progressively later 


occurrence of spawning at greater distances from shore 
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Figure 15. Mean daily water temperature at thermo- 
graph Station A (15 inches below the 
water's surface), and mean rates of 
Spawning by Helitsoma trtvokvis on arti- 
ficial substrates 1 to 4° (atthe bottom 


of Clyde Pond, 1.0 to 5.5 feet from shore 
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(p. 61) may thus have been merely another expression of the 
effect of temperature on spawning rate. Probably snails 
near the shore were periodically highly stimulated to 

Spawn by intervals of rapidly increasing temperature. On 
the other hand, snails farther from shore probably exper- 
ienced more consistent, but relatively mild levels of 
stimulation except on certain occasions, such as May 23 
EO527 {Bigi wd)i« 

It was unfortunately impossible to determine 
accurately the time at which eggs deposited on the Plexi- 
glas substrates had hatched. Because new egg masses, like 
the Plexiglas itself, became encrusted with Aufwuchs within 
several days, egg masses which were a few days old appeared 
the same as those already hatched. More importantly, egg 
masses with embryos a few days from hatching, those just 
hatching, and those having dead embryos left inside, were 
also indistinguishable. In any future use, such substrates 
should be modified so that egg masses may be observed 
"from behind", throughsthe«Plexigias., Thisicouldsbetaccom= 
plished by providing hinges along one side of the "box" 
which would allow it to be opened for inspection and for 
Cleaning of the inner surfaces. 

Because of the difficulty in seeing into egg 
masses, the numbers of infertile egg masses could not be 
accurately determined. Advanced embryos were observed, however, 


in over 90 per cent of egg masses deposited on the artifi- 
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cial substrates, and infertile egg masses were never en- 
countered in the laboratory. 

De Witt (1955) reported that sexually mature 
Physa gyrina were common in early fall and deposited some 
egg masses at this time. They were apparently snails 
hatched in the current season. Parallel observations have 
been reported for Physa fontinalis (De Wit, 1955; Duncan, 
1959) and Lymnaea stagnalis (Jenner, 1951). 

Coincidentally with the present study, evidence 
of late summer spawning by Physa jfennessi and Lymnaea 
Stagnakis was noted several times, but it was only found 
once in Helisoma trivokvis. Heltisoma trrtvolvis egg masses 
were never found in Clyde Pond in late summer, but one 
out of 50 specimens removed to the laboratory on August ll, 
1969 produced three small egg masses between August 15 and 
20% 

Several species of basommatophorans from the tem- 
perate zone reportedly continue oviposition, having once 
begun, as long as temperature and food supplies remain above 
critical levels, or until senescence occurs (Agersborg, 
1932; Noland and Carriker, 1946; De Witt, 1967). Helisoma 
trivolvis brought into the laboratory on May 13, 1969, for 
the purpose of determining an average Spawning rate, de- 
posited egg masses almost as soon as the experiment began. 
But their spawning rate declined steadily thereafter, and 


by May 26 they had ceased spawning altogether. This indi- 
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eaLed,jas was also becoming clear-in the field, that. the 
snails only continued oviposition until their clutch of 
eggs had been depleted (séey Fig. 14 and p.70). 

Thais ‘conclusion did not exclude the possibility, 
Siegvesred (by thesfisid data (p62), thatitemoerature erfects 
could induce modifications of the basic reproductive rhythm. 
ire cne, experiments carried out to investigate the Gifects 
of temperature in the laboratory, relatively few egg masses 
were deposited, and the result was weak data (Table 4). 
This occurred because the specimens had been collected 
unfortunately near the end of the spawning season, and 
oe eee about one quarter of them had been castrated by 
trematode redia (see p.80). Nevertheless, Heltsoma 
AnAvokvis kept at 13°C, maintaining the previously exper- 
ienced decline of 6°C, (p.15), produced fewer egg masses by 
the end of May (P,< 0.05) than those which were subjected to 
ameemperature rise, of i3°C (16°C)son .6°C) (19°C) seihere 
Were no Statistically significant ditferences» among the re- 
Meloing treatment, combinations 7(P.710.05).,, Therconc ius ions 
drawn from these results were that a temperature increase 


Of 3°Ciwas equally as ‘stimulatory to spawning asian inoreage 


ofe6°C) ‘and that “the temperature decrease ot 6 °C) hac pde- 
pressed spawning. 

None of the Snails colbected in June 1969) and 
hela at 15° — 18°C or 22° - 25°C puoduced any egg Masses 


within the seven month duration of the experiment. fThus, 
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warm temperatures alone did not provide the conditions re- 
quired for the resumption of spawning. Although evidence 
reported by Agersborg (1932) and De Witt (1967) have in- 
dicated otherwise, Precht (1967) and Jenner (1951) have 
demonstrated that long-day photoperiods may be necessary 
for spawning to occur in basommatophorans. Since the 
Heltsoma trivokvis in this experiment were continuously 
exposed to photoperiods in excess of 15 hours, it was con- 
cluded that warm temperatures and a long photoperiod to- 
gether were also insufficient to permit reproduction. 

Since only one of the approximately 70 snails 
collected from mid-August to September deposited egg masses 
in the laboratory, it had seemed possible that the snails 
might require a period of cold, comparable to winter condi- 
tions, before they could respond to the stimulus of in- 
creasing water temperatures. But, of the snails collected 
on October 5, 1969, neither those subjected to cold (2° - 
6°c or 0° - 3°C), nor those maintained at 18° - 19°C, pro- 
duced any egg masses before March 1, 1970. Therefore, no 
evidence was obtained that cold treatment was required, and 
the conditions necessary for the completion of the repro- 
ductive cycle in Helisoma trivolvts remained unknown. 

Reproductive maturation in basommatophoran 
gastropods has often been considered associated with growth 
beyond certain minimum sizes (Walton and Jones, 1926; 


Duncan, 1959; Hunter, 1961b; McCraw, 1961; Richards, 1962; 
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Berrie, 1966), but it has also been considered a function 
of age (Noland and Carriker, 1946; De Witt and Sloan, 1958; 
De Witt, 1967). 

A few juvenile Heltsoma trivokvis collected in 
1968 were found to have well developed ovotestes (i.e. 
maximally prominent acini) and greatly distended seminal 
vesicles as early as August 13. These specimens all ex- 
ceeded 11.0 mm in diameter. Among the other specimens re- 
covered on the same date, all those over 9.0 mm in diameter 
had at least prominent acini, while smaller snails showed 
no more than the slightest evidence of maturation. The 
degree of distension of the seminal vesicles was consid- 
ered indicative of the relative numbers of stored sperma- 
tozoa (Abdel-Malek, 1954). Thus, the "state of develop- 
ment" of the seminal vesicles was an index of the previous 
activity of the ovotestis. 

Of 34 Helisoma trivolvis recovered on October 3, 
1968, all of which exceeded 8.0 mm in diameter, 27 had 
well developed ovotestes and 18 of these had distended 
seminal vesicles. The albumen gland was not large in 
any of the” snails, but it had become visible-in’26- The 
specimens with poorly developed ovotestes were all under 
9.3 mm in diameter, and none of these had distended 
seminal vesicles. 

Snails of the 1968 generation were not collected 


again until May 16, 1969, but of the 30 specimens recovered, 
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mMiree Were sstil lt ammature, - The ‘smallest snail! im ethe 
collection (7.2 mm in diameter) showed the least advance- 
ment in maturity; its seminal vesicles were totally developed 
and "its acini were barely discernable. The other two im-— 
Mature Specimens, at 7.8 and 9.1 mm in diameter, had pare 
tially developed ovotestes and albumen glands, but lacked 
spermatozoa in the seminal vesicles. The remaining "mature" 
specimens had well developed ovotestes, seminal vesicles, 

and albumen glands, and averaged 11.8 mm in diameter. 

It appeared, therefore, that with Helisoma 
ANAVOLVAS' in Clyde Pond, maturation was correlated best with 
Size (shell diameter), but the intervention by winter in 
the development of late hatching juveniles may have accounted 
for poor correlation with age. 

In many of the adult Helisoma trtvoklvis collected 
in June and early July, the acini were barely visible and 
seminal vesicles were only slightly distended. Acini were 
prominent Anlableusnails of comparablensuzescollecredy at 
other times of the year, and their seminal vesicles were 
generally either moderately or greatly enlarged. These 
observations suggested that the spring spawning season was 
characterized by’ the release of accumulated) ova) and: sperm- 
AtOz cal and that.much of thes remainders ofithe yearmiwas 
characterized by gametogenesis. Since adult snails grew 
Significantly only during the spawning season (p.29), 
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Ocner taumesvof the year were’ apparently Stored rather than 
expended“ When mobilized at’ thé ‘time of egg production, 
Ehese+ reserves probably became available to the entire 


animal, and growth became possible. 


Mortality Factors 

The abiotic factors considered as potential 
causes of mortality in Heltsoma trtvoklvis were unseason- 
ably high, low, or rapidly changing temperature and rapid- 
ly receding water levels. 

Helisoma traivolvis did not die after being sub- 
jected in the laboratory to 0°C or to instantaneous changes 
in temperature of even 12°C. Since the temperature at 
thermograph Station A in Clyde Pond was never observed 
E0.tvary more than 6°C' in “six hours «(APPENDIX VIL), rapid— 
ly changing water temperature was rejected as a possible 
MemervLiy factor. 

All snails which were frozen were killed by 
this treatment’, and all ‘had badly cracked shells.) “In 
Clyde Pond, snails located near the shore in winter no 
doubt) were) tin danger “of ‘being kitled in’ this way. Their 
late summer migration away from ‘the ‘shoreline (p.45) was 
possibly a behaviourial mechanism for minimizing this 
threat. 

Theiapper Timut of “temperature tolerance Was mou 


specifically investigated in the laboratory since aquaria 
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occasionally reached 30°C without causing snail mortality, 


while pond temperatures never reached this level (APPEN- 


Dax Val) 

Since Hekrsoma trivokvis was not generally dis- 
Eee Dured close to. thie water's edge (Fig. Svand 9), tt was 
not seriously endangered by receding water levels. They 


Were only occasionally found trapped in water so shallow 
they could not move, and there was no evidence that the 
population decline in late summer 1968 (Table 3) was re- 
lated to the abnormally rapid decline in water level be- 
Eween August 13 and) 21 .(p.14).. The major population decline 
Beene ad between August 21 and 29, when, in fact, the water 
level was rising. 

In the summer of 1968, many thousands of small 
fish were hatched and reared in Clyde Pond. After late 
June, one could scarcely look into the pond without seeing 
dozens of them. The brook stickleback Culaea snconstans pre- 
dominated, but fathead minnows Pimephakes promelas were also 
common. The stomach contents of some of the larger speci- 
mens ©f these fish, particularly ithe stickleback (collected 
on July 10), included up to three or four tiny Helssoma 
{nL VOLVAS., Most specimens had no snails in their stomachs, 
but rather large numbers of Tendipedidae larvae and 
Glagocerans, Also, the extent (of mortality, arising (prom 
avienusuch. as oense: fish population did) note revent the 


Helisoma trivolvis population from expanding during 1968 
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(p.39). 

Both species of fish were totally absent from 
Clyde Pond in the summer of 1969, presumably as a result 
of dissolved oxygen depletion during the previous winter. 

Tabanid larvae (Diptera) and some leeches have 
been considered enemies of snails (Pennak, 1954; Moore, 
1966). 

Chraysops mitis was the only tabanid whose larvae 
were present in Clyde Pond. Members of this genus are re- 
portedly detritus) feeders (Pennak, 1953), and the Chrzysops 
mitis larvae maintained with snails did not attempt to 
attack them. 

Several species of leeches were present in Clyde 
Pond. These were, in order of relative abundance, 
Expobdella punctata, Helobdella stagnakis, Nephelopsis 
obscura, PLacobdella ornata, Gkhossiphonia compLanata, and 
Haemopis marmonata. Helobdeklla stagnalis (Moore, 1966), 
GLossiphonia compLanata (Moore, 1964) and Nephelopsirs 
obscura (Moore, 1912) have been reported to prey upon at 
least some snails, but none of the leeches listed above 
destroyed snails in the tests conducted in this study. 
HeLobdella stagnalis, the only species so tested, attacked 
Tendipedidae larvae ae Oligochaetes without hesitation. 
It was concluded that snails were not a major prey of any 


of these leeches. 


Ducks feeding on Clyde Pond, and observed through 
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binoculars, almost always ignored large snails (>10 mm in 
diameter), and only blue-winged teal were ever seen to 
eat them. Bartonek and Hickey (1969) have reported that 
ducks prefer small snails because they can be swallowed 
whole, or their shells easily crushed. Food habits 
studies have indicated that the blue-winged teal may be 
the only local duck for which snails are a preferred food 
(Collias and Collias, 1963; Dirschl, 1969; Sugden, 1969). 
In 1968, three blue-winged teal were seen on Clyde Pond 
continuously from mid-July to August 21. Possibly they 
had been attracted by the relatively abundant juvenile 
Helisoma trivokvis (Table 3). Such an attraction might 
also explain why these ducks were diving while feeding on 
August 13 and 21 only; the juvenile snails were at this 
time beginning to move away from the shore into deeper 
water (p.45). The absence of blue-winged teal from the 
pond after August 21 was ascribed to pre-season hunting. 

Helisoma trtivolvis in Clyde Pond was heavily 
infected by both the rediae (Fig. 16) and metacercariae 
of an echinostome trematode Echinoparyphtum xrecurvatum. 
The life cycle of Echinopanryphium §Lexum, which may be 
Synonymous with Echinoparyphium recurvatum (Senger, 1954), 
has been described by Najarian (1954). 

The adult of Echinoparyphium rzecurzvatum occurs 
in virtually all species of "ducks present iin Alberta, (J. 


C. Holmes, personal communication). Thus, any duck 
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visiting) Clyde Pond was potentially a source of 
Echinopanyphium eggs, 

In the present study, one of two blue-winged teal 
(Anas discons) and a shoveler (SnatulLanetypeatall collected) on 
GivdeywPond, had €chanoparyphium in the™ smad loantestine. 

Also, infections were established in laboratory reared 
mallards (Anas platyrhynchos) and lesser scaup (Aythya 
affints) by feeding each bird three or four Helisoma 
AnAVOLVAS containing several hundred to a thousand metacer- 
Gemuac wiht ithaskidneye) Abtbempts: tosuinmfect ‘coots Nut 1]3e@ 
americana) were unsuccessful. 

Mallards, blue-winged teal, shovelers, American 
widgeon (Manteca americana), gadwalls (Anas stnepena), and 
Lesserm scaup,all used. Clyde, Pond ,p buthusually) only mallards, 
blue-winged teal or lesser scaup were present. Of these 
more common species, the blue-winged teal was probably an 
especially significant host because it alone utilizes 
snails as a preferred food (p.74). 

Since the metacercariae of Echinoparyphium 
were present in the snails throughout the year, and since 
the mature parasite was obtained from laboratory reared 
birds: (ducks. .or chicks of domestic, fowl) seven) or eight 
days after they had been challenged with metacercariae, 
ducks may have been seeding Clyde Pond with Echtnoparyphium 
eggs throughout virtually the whole summer. 


Echinoparyphitum eggs which had been maintained 
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at 19 to 22°C began hatching about two weeks after they had 
been removed from the adult, and all had hatched within a 
few days. When maintained between 16 and 20°C, they did 
not begin hatching for three weeks, and had not completely 
hatched until after five weeks. In Clyde Pond, they pro- 
bably developed even more slowly, particularly from autumn 
through spring, because of still lower water temperatures 
weag,. 5) 

In 1968, newly developing redial infections (i.e. 
those with few rediae) first appeared in Clyde Pond on 
August 13 in juvenile Heltsoma trivolvis (Fig. 16 and 17). 
Although in 1968 no adult snails were collected after July, 
it seemed likely that they too had been infected. In 1969, 
of those snails collected which had been adults in 1968, 

70 per cent were found to be harbouring rediae. These 
rediae were assumed to have developed from infections 
initiated in 1968, and not earlier, because no evidence 
was obtained from either field data (see Fig. 16, 1969) 
or laboratory experience (p.g0) to suggest that snails 
infected by rediae could survive more than one year. 
Also, redial infections were produced consistently in 
adult HelLisoma trivokvis exposed experimentally to 
Echinoparyphium miracidia. 

The proportion of Helisoma trtvokvis infected 
by the rediae of Echinoparyphium varied in Clyde Pond be- 
tween zero and 34 per cent. This indicated that a re- 


gular programme of sampling is probably essential for any 
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Figure 16. 


The percentages of juvenile and adult 
HelLisoma trtvolvzs found infected by 
Echinoparyphium rediae in Clyde Pond 
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Figure 17. 


Advancements in the severity of infec- 
tion (relative numbers of rediae) of 
Helisoma trivolvis by Echinoparyphium, 
in Clyde Pond, from August 1968 to 


July 1969. 
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reliable evaluation of the importance Of such a parasite? 

Changes in the rate of infection (Fig. 16) were 
largely ascribable to within-year variation, which appeared 
to follow an annual cycle. However, there were also im- 
portant changes between years; in the latter part OL 3597 
for instance no snails were infected by rediae, while about 
8 per cent wee infected at a comparable time in 1968. Also, 
the infection rate recorded in the spring and early summer 
may have been greater in 1969 than in 1968, but a statisti- 
cally significant difference could not be demonstrated, 
possibly because sample sizes were too small in 1968. 

The maximum rate of infection (34 per cent) 
slightly exceeded the published comparable values of which 
the author was aware. Cheng (1964) reported that 20 per 
cent of a collection of Helisoma trtvolvris contained rediae 
of Echinoparyphium s5p., and Bourns (1963) found 23 per cent 
infection in Lymnaea stagnalis. 

Wright (1966) generalized that trematode larvae 
rarely attack the gonad of molluscs as a primary site of 
infection, but that it may be invaded through "overspill" 
from gross infections of the digestive gland. However, 
the sites initially attacked by Echinopanryphium rediae in 
Helisoma trivolvis in Clyde Pond were the ovotestis, and, 
less regularly, the posterior and mid-ventral regions of 
the digestive gland, where the seminal vesicles and 


hermaphroditic duct were located. These were the only 
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areas invaded when rediae were few in number (Fig. 17 sand 
18), the only areas never free of rediae in infected 
snarls (Fig. 18); and the only areas’ infected in August 
and September-October, 1968, when rediae were beginning 
to appear in the snail population. 
Cheng (1963) reported that Echinoparyphium rediae 
were nourished primarily through ingesting the tissues 
of their host (Helisoma trivolvis), and that the digestive 
gland was the primary site of infection. In the present 
study, it was observed that the ovotestis, the albumen 
gland and the digestive gland were destroyed sequentially 
(Fig. 18), and the designation of a "primary" site of 
infection seemed inappropriate. Echinoparzyphium apparently 
castrated Helisoma trivolvis early in the course of redial 
infections, thereby preventing the depletion of its host's 
reserves through spawning. By consuming the energy-rich 
albumen gland (McMahon, von Brand and Nolan, 1957) before 
inflicting any significant damage upon the digestive gland, 
a more vital organ, the parasite made relatively efficient 
use of its host's nutriments. Many Helisoma trrvolvis 
were found to have survived until all but the last remnants 
of the digestive gland were destroyed. But infection by 
rediae apparently always resulted in the death of the snail. 
It has been reported that larger snails may be 
proportionately more susceptible to miracidial infection 


than smaller snails, and that snail gigantism is correlated 
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Figure 18. The sequence of attack of infection 
sites in Heltsoma trtvokvis by 


Echinoparyphium rediae. 
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with the presence of rediae (Wesenburg-Lund, 1934; 
Rothschild, 1941). Among the juvenile Helisoma trivolvis 
recovered from dredge samples in 1968, Echinoparyphium 
rediae were found only in specimens over 9.4 mm in diameter, 
and the mean diameter of those infected was 11.3 mm. Also, 
the specimens containing rediae among 64 one-year-old 
Helisoma trivolvis collected from Clyde Pondton.July 6, 
1969,had been significantly larger (P<0.01) at the end of 
the previous summer than their uninfected counterparts 
(Fig. 19). Thus, either miracidia had tended to enter 
larger snails, or else snails which had been infected by 
miracidia tended to have higher growth rates. 

Hekisoma trtvokvis infected by Echinoparyphium 
rediae grew significantly (P.<0.01) more in 1969 than un- 
infected snails (Fig. 19). This was not associated with 
their size at the end of the previous summer, Since within 
both infected and uninfected groups, the snails originally 
the largest had grown the least. 

The specimens of adult Helisoma trtvokvrs, carry- 
ing Echinoparyphium rediae, which were collected in July, 
had not grown significantly more (PR>0.05) than those 
collected in June (1969). Thus, as in uninfected snails 
(Figs 6))) growth had occurred primarily between May and 
June, and the greater total growth observed in parasitized 
snails probably resulted from an increased rate of growth 


during this time, rather than a prolongation of the growth 
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Rothschild's (1941) hypothetical explanation of 
gigantism was that it is a result of parasitic castration, 
with the reserves normally utilized by the gonads being 
made available for general growth. This suggestion was 
Supported by the present study, since a correspondence was 
revealed in adult Helisoma traivolvis between the time of 
shell growth and the time of spawning (see above), and since 
the rediae of Echinoparxyphium invaded their host's repro- 
ductive system immediately before and during the spawning 
season (see p.80). In view of the fact that ducks tended 
not to eat large snails (p.74), to elicit gigantism may be 
beneficial to Echinoparyphium, through reducing the pro- 
bability that a snail harbouring rediae would be destroyed 
prematurely. 

The period during which cercariae were shed by 
Echinoparyphium rediae in Hekisoma trtvokvis was not in- 
vestigated, but it probably began at about the time moder- 
ately intense redial infections were first observed (Fig. 
17). A few free cercariae were found in dissected snails 
which were infected to this degree. No cercariae could 
have been released for long after all the snails with ad- 
vanced redial infections had died (Fig. 16). fThus, 
cercariae were probably shed from mid-May to mid-July. 

The infection of Helisoma trivokvas with 


Echinoparyphium metacercariae was remarkably complete. 
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Figure 19. 


The effect of parasitism by Echinoparzyphium 
rediae on the growth of Helisoma trivolvis 
from early spring tovduly -16 771969). 


Clyde Pond. 
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Not a single specimen over 5.0 mm in diameter was found un- 
infected, and adult snails often contained more than 1000 
cysts. Virtually all metacercariae were found lodged close 
together at the nephrostome end of the snail's kidney, but 
a few were seen in the digestive gland of some redia-infected 
specimens. Immediately above the site where metacercariae 
encysted, a small area of the snail's mantle was free of 
black pigmentation. The size of this area was proportional 
to the relative numbers of metacercariae present, and, in 
heavily infected snails, a light-coloured spot was visible 
to the naked eye, even through the intact shell. 
Metacercariae are considered to provoke little 
if any response from their snail hosts (Hurst, 1927, 
Wright, 1966). Indeed, many apparently healthy Helisoma 
trivolkvis from Clyde Pond harboured large numbers of 
Echinoparzyphium metacercariae, and they often survived 
as=bong in®the laboratory as lightly infected "specimens . 
Such observations must be interpreted carefully, 
since they provide no information on deaths which may have 
occurred prior to the time of sampling, or under different 
conditions. In the case of this parasite, it seemed most 
unlikely that metacercariae (125 to 200 ~ in diameter) 
could occupy the lumen of the kidney in newly hatched or 
very small species of snails without seriously impairing 


the kidney's performance. 


The life cycle of Echinoparyphium was completed 
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am the Waberatory Trom métacercari altovmetacercaria, and 
ime cercariace were studied thé’ most” Garefully?oMPrnese 
cercarlae were sporadic swimmers and showed no apparent 
ability to locate snails, except by accidental contact. 
When a snail was encountered, the cercaria usually attached 
itserr, using Tts"suckers) and Begqan@creeping’ more or! less 
aemees Ly*ever* the Sortsparts of its victim: “-Eventualdy, 
sometimes aftér* creeping ‘abbott for 20° minutes’ Or more, 

the- cercaria would) arrive near ‘the pneumostome: “Tt then 
slowly manouvered its head into the pneumostome and, 
arcer-a few seconds) pul led-atsel frin one motion: completely 
insides the ‘pulmonary cavity. ®At the? same instant) othe 

tail was released, and the snail often was irritated in 
such a way that it opened the pneumostome. 

In very small snails, it was possible to see 
through the shell and mantle and to observe the cercaria 
creeping about’ the interior ‘of the pulmonary sae. They 
did not remain here, however, and from a few minutes to 
about two hours later they were visible at various lo- 
Cations in the kidney. Their entry into the Kidney, was 
never observedi® but’ they-nay have entered vie the Uperer? 
which opens just within the pneumostome (Hyman, 1968:588). 

The cercariae were uSually encysted by five or 
sisemhours afterrentening: thevpneumostome , (bub) theswoca— 
tion of encystment was not always the kidney. In fact, 
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2 - 4 mm long, most of metacercariae were found in the 
pericardial cavity. (Helisoma tnrivolvis of comparable 
size unfortunately were not available.) Since in one 


instance, a metacercaria had lodged in the narrow 
renopericardial canal (the metanephridium), it was con- 
cluded that the cercariae had entered the pericardial 
cavity via this channel. 

Where several metacercariae were present in the 
pericardial cavity, the movements of the heart were res- 
tricted. This interference with the functioning of the 
heart, and the observed blockage of the metanephridium, 
suggested other mechanisms (see also p.85) by which the 
metacercariae of Echinoparyphium could become a mortality 
factor. Their significance in Heltsoma trivokvis was 
questionable, however, Since metacercariae were not found 
in the pericardial cavity of specimens from Clyde Pond. 


Further investigation of this question is required. 


Interspecific Interactions 


Since the adult population of Helisoma trtvolkvas 
in Clyde Pond usually consisted largely of individuals 
recruited in the previous year (p. 31), the virtually 


complete failure of recruitment in 1969 (p. 41) was of 


profound significance. 


This failure had not resulted from inadequate 
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Spawning since there were significantly more adult snails 
present in May 1969 than in May 1968 (p. 39), and since 
large numbers of egg masses had been deposited on both 
matural and artificial substrata in 1969 ‘(p. 58). “Also: 
there was no evidence to suggest that the hatchability of 
eggs had been low in 1969 (p. 64). Therefore, since no 
empty shells of juvenile Helisoma trivolvis were collected 
foes 7o9 (Fig. 9), it was concluded that the juvenile snails 
had suffered a catastrophic mortality sometime before they 
had grown to 2.0 mm in diameter. 

On the basis of the fact that juvenile snails 
were first collected in early July in 1968 (Fig. 9), and 
because the spawning season had ended earlier in 1969 than 
in 1968 (Fig. 11 and 14), it was concluded that the major 
loss of juveniles in 1969 had occurred before the end of 
June. 

Major mortality had occurred among juveniles dur- 
ing this period in 1968 also, and the same “agents of 
mortality may have been involved in both years. In 1968, 
280 eggs were recovered per snail in areace samples 
collected on May 24 (APPENDIX IX and Fig. 11), and the 
Abundance Index for eggs on this date was approximately 
4200. If this value is considered a conservative estimate 
Of total egg production in 19630, and if the maximum 
Abundance Index reached by juveniles over 2.0 mm in dia- 


meter is taken as 200 (see Table 3), over 95 per cent 
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of the juveniles must have died in 1968 before they attained 
2.0 mm in diameter. Thus, there was an increase in the 
mortality rate of newly hatched juveniles between 1968 and 
1969 of leSs than 5 per cent. 

Since adult Helisoma trivolvis survived the month 
of June 1969 proportionately more successfully than juven- 
ties (Fig. 8 and 9), it was apparent that the agent killing 
the juveniles was much less effective on the older and 
larger snails. This (see p. 85) and the other data avail- 
able were entirely compatible with the possibility that 
this agent had been the metacercariae (or cercariae) of 
Echinoparyphium. Helisoma trtvokvis hatched during the 
Same period that cercariae were being shed (p. 83), and 
they were killed while very small (p. 88). The abundance 
of adult snails was probably at least 50 per cent greater 
Boo cCHie Sprang Of 1969 than an 1906 (Table 3), and the 
percentage of those infected by Echinoparyphtum rediae 
also may have been higher in 1969 (Fig. 16); thus, the 
number of cercariae released in 1969, and therefore the 
probability of juvenile snails being infected, was much 
greater than in 1968. Furthermore, the single juvenile 
Helisoma trivokvis collected on July 8, 1969 (APPENDIX IX) 
had approximately 40 metacercariae in its kidney, while 
specimens of comparable size collected on July 16, 196s, 


had carried a maximum of four. 


If, as implied above, the mortality rate among 
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newly hatched Helisoma trivolvis was a function of the num- 
bers of Echtnoparyphium cercariae present in the pond, then 
the factors influencing the abundance of cercariae require 
examination. Obviously, the number of snails available for 
infection by miracidia would be of major importance, and 
generally, this number would be a reflection of the level 
Of recruitment of snails in the current:s season (Fig. 7 ). 
The percentage of the available snails actually infected 
by rediae would likewise be critical. This parameter would 
be directly proportional to the number of Echinoparyphium 
eggs entering the pond during the previous season, and this 
eens would be proportional to the numbers of snail- 
eating ducks using the pond and the degree of infection of 
these birds by Echinoparyphium. Here again the level of 
snail recruitment probably would exert a major influence, 
since blue-winged teal may be attracted by concentrations 
of young snails (p. 74), and since the degree of infection 
of the ducks would be a function of the number of snails 
eaten. (Recall (p. 84) that the vast majority of Helssoma 
tnrivolvis examined carried numerous metacercariae.) Thus, 
it appeared that the lack of recruitment of Helzsoma 
trnivokvis in 1969 may have been caused by a negative-feed- 
back, acting through blue-winged teal and Echinoparyphdum, 
from the relatively high density of juveniles in 1968. 
Through the mediation of snail-eating ducks, as 


explained above, the percentage of juvenile Helisoma 
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tnrtvokvis that become infected by Echinoparyphium rediae 
may be proportional to their own density. Therefore, since 
the snails infected are castrated (p. 80), the mean number 
of eggs deposited per snail in the following spawning 
season may be inversely proportional to the density of 
juveniles. 

Echinoparyphium rediae probably also cause some 
mortality of juveniles in the same season as they are in- 
fected. In Clyde Pond, the density of empty shells of 
juveniles had increased (p. 45) during the same period in 
1968 as that in which the density of living juveniles had 
declined (p. 41). And this period also corresponded with 
the time of appearance of new redial infections (Fig. 16). 
Possibly even a few rediae could produce enough stress in 
these relatively small snails to cause their death. 

The more significant of the possible interactions 
among Helisoma trivolvis, Echinoparzyphium and blue-winged 
teal are summarized in Fig. 20. 

If the metacercariae of Echinoparyphium may 
strongly reduce recruitment into relatively dense popula- 
tions of Helisoma trivolvis, this might benefit the snail 
through preventing the overpopulation of its habitat. It 
fe conceivable that the parasite also would benefit, in 
the long term, if it is true that denser populations of 
Snails are characteristically more completely infected 


by rediae (pp. 39 and 79). Under such conditions, if 
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Figure 20. 


Postulated interactions among Helisoma 
tnivolkvis, Echtnoparzyphium and blue- 
winged teal, through which the level 
of recruitment of Heltsoma trtvolvis 


may be depressed. 
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guvenitles ‘coulda not be killed by metacercarlae, a density 
of snails could possibly be reached at which 100 per recene 
would become infected by rediae. Since redia-infected 
Snails could neither spawn nor recover from infection, the 
populations of both the snail and the parasite would 
expire. 

The fluctuations in the abundance of snails) ob- 
Served during«this study-.(Table 3), .vandi.the age-composa tion 
Srrcne adult population in 1968. (Hig. 7), Ssugagestedvine. 
the density of Heltsoma trrLvolviAs may have been oscillating 
Waveho frequency of; about three vears.9 NHukfaker ol 52) 
showed that a predator-prey system would not spontaneously 
produce oscillations in their densities unless some seg- 
ments of the prey population were unavailable to the pre- 
dator at any point in time. He achieved this situation by 
forcing the prey to live as several imperfectly isolated 
sub-populations. In Clyde Pond, oscillations in the 
densities of Heltsoma trivolvis and Echinoparyphium may 
have been generated because only the newly hatched seg- 
ment. of the: snail population wasnever maviaidabike auew 
(i “6. able «to be. kidsled byjgmetacercariae, The snavlipars 
ulation ‘could. be severely rneduced,,but.the few older snarls 
within it would survive to begin repopulating the habitat. 
The Echinoparyphtum population would also survive, since 


metacercariae would be harboured in the older snails. 
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APPENDIX I. A schematic longitudinal section of 
the water sampler indicating the 
essentials of its operation, and an 
end view showing the method of se- 
curing the syringe. 

a. Barrel of syringe 

b. Rubber bands holding syringe 
c. Plunger of «syringe 

ds) Sdide 

e. Rubber band 
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APPENDIX II. Fluctuations in water level in Clyde Pond 
between mid-May, 1968, and mid-September, 
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Dissolved oxygen determinations from the 
middié,ofs CiydenPondeal96 8c 


Depths 0. Concentration Percent 

Date Time (eects) (pr pems) Saturation 
May 16 1600 Surface ZO 128 
if 12.0 128 
2 a2°0 ize 
3 a27,,0 128 
4 220 128 
5 22.0 128 
See AZ ,.0 128 
July 16 1500 Surface Es0 95 
1 ee 89 
2 Vere 89 
3 Gite 87 
4 tar 86 
3 7.0 84 
suly 25 0430 Surface Set) A2t 
uf 9.9 121 
2 9.9 1272 
3 9.9 121 
4 ong 121 
= fs Pst 8) 36 
1200 Surface oho 123 
1 9.9 122 
2 9.9 i22 
3 10.0 123 
4 955 113 
5 4.4 Ste) 
1900 Surface 10.4 129 
i 10.4 130 
2 10.4 130 
3 10.4 129 
4 929 120 
5 eS, 70 
August 29 1200 Surface PIES Ls, 135 
1 Tin6 135 
2 a Wal a be 
3 11,4 2 
4 On 112 
pe Baek 101 
October 3 1300 Surface 16.2 149 
it _- =— =e ia 
Py —_— = —- = 
3 = — 
3.8 14.6 134 
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APPENDIX IV. Calcium hardness, pH and snail fauna in a 
series of artificial ponds near Fox Creek, 
Alberta. 
eee ere ae OT ee a ee ne ee ee oe 3 ae 
Pond Calcium 
Number Hardness pH Lymnaea Physa Gynaulus Hekisoma 


(as CaCO 3) 
ppm 
27 23 9.7 P A P A 
a2 30 9.9 P A P A 
2 35 $57 P P P A 
3 35 9.6 A A P A 
24 35 8.7 P A P A 
15 40 eet A P P A 
18 40 9.6 P A P A 
37 45 9.4 P A P A 
16 50 9.1 A A P A 
a7 50 8.8 P A P A 
28 50 9.4 P A A A 
31 50 9.2 P A A A 
34 50 9.4 A A P A 
1 55 8.9 P A P A 
9 55 8.9 P A P A 
23 55 9.4 P P A P 
30 55 8.6 P A P A 
5 60 8.8 A A P A 
32 60 8.9 P A P A 
21 65 8.5 A A A A 
6 70 8.8 A P A A 
39 70 9.4 A P P A 
29 75 a7 A A A A 
19 80 8.7 A A A A 
20 80 8.5 A P P A 
35 80 8.7 _ A P A 
4 85 8.4 A A P P 
7 85 8.6 P A A A 
40 85 8.7 A A A A 
8 85 8.6 P P A A 
12 95 8.5 A PB A A 
Ly 100 Sd vol TA A A a 
36 100 10. P A P A 
10 110 8.7 A A A A 
33 110 8.9 P A P A 


P = present; A = absent 
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APPENDIX V. Vertical temperature gradients in Clyde Pond; 
recorded in the mid-pond region in 1968 and 
beside the thermograph stations in 1969. 


Date Time Water depths (feet) 
Surface af 2 3 4 5 ya) 
1968 
May 14 1500 1220 11.5 y@ lS So ta, eb Se table} AAS) 
16 1600 12,0 U2 5a— lee” 2 oe V2 ogi 2S L2ae 
ay, 1200 134;5 18% 5a gee be als Oean on Oe wel 4.0 bs70 
24 1400 a7 0 17. 04 a lO ai 2.0 17. Ow MG 
June 12 1300 16510 18. 0se 18.0 1320 ~ 19. 06 eee0 
June 17 1200 16:0 16. 0y;_ 160.0 Ao>0 G6. 08 26-0 
aay: <2 1200 19.0 180g0 1 <0 46.0 | E5.0a a4e5 
5 1100 2349 23 08 423.0 128.0 82300 for > Leyes) 
16 1500 20.0 20'.0sn 19.5 18.5 LS.55 46.5 
25 0730 pie PRS) 192 5e919 55 1975 * 19J5— obSs5 
1330 2045 20 090200 20.0 LO om aloe. 
2000 20.0 20:54 ¢20.5 2020) o19 0m mat 3.0 
Bug.-13 1100 16.9 16. 5ya 16.5 2625 16.0. a6.0 
ek 1200 L750 16% 54 e655) Abo coe iG 
29 1200 17.0 17. 0ea les: 1625 SiGe. 
Sept.11 1100 16.0 16. 0geiS 2) 255551. 
Occ. 13 1300 10 1.0 73.0 1.9 729 
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APPENDIX V. Continued 
oan A SEE OE DEI Me MRE a OE oe RS lL 
Date Time Water Depths (feet) 
Surface i) Z 3) pee: 


mol. 17 1100 O10 0.0 O20 070 0.0 
28 1400 vk ORE 100 +070 10°20 10330 
May 1 1400 14.0 14.0 1350 tee LO. 
23 1030 A ees) 165.0 Loe Lie 14.5 
26 1200 15.5 a0 LGC 16.0 16.0 
28 1200 22.2 i275 Boao 12.0 12.0 
30 1300 14.5 14.0 14.0 14.0 nS ey 
June 2 1200 487250 1 75.10 17t:0 a7 £0 16.25 
4 1200 20.0 19.0 es a8) Loe 1350 
6 1200 0 Ge Lee S30 iy os 
2 1200 2 0 CA 212.0 0 ei Lees) 
Bh 1200 17.0 dk daniO sy A 4) Lid Biren!) 
3 1200 i525 AB seis) dO ew) 16.5 
pie 1700 21. 0 2190 i8s<5 17 $5 L655 
16 1600 23°50 215.0 Lon 19 20 18.50 
19 1100 920 hye Gale, Lm LB Pde) 17.0 
23 1200 10 £10 a ibs. Po..0 i Oy ras 
22 1200 US... 18.5 1820 bo ..0 t By See) 
27 1200 24.0 2200) 1c EE Abe) eS 
July 2 1330 Zao 23.0 18.0 L7s0 JE RAS E 
8 1330 tA Wes, il ick 165 LBS 3) BD 5 
16 1200 21.0 LGuo 16.0 Tom 
22 1230 Zee 0 1 a, 1725 26:20 
24 1200 24.5 2260 £90 EO 
oA 1030 23.0 Loe U 16.0 ates) 
Aug. > 1100 16.0 1 SO 18.0 ao eO Los) 
v4 1200 2530 21.0 mS ier 8 £770 16.0 
1G 1200 A 0 19.2.5 19,50 ioe. 1g Fev 
18 1100 16.0 a. Ore 0 bes AO, 14.0 14.0 
2 1200 > 16:0 E520 Lu 14.5 
Sept 1 1200 ES 150 14.5 LES ae) Dee, 
9 1000 BS 3 A pos, L250 lee hi rg 8 
15 1500 Se 9.0 8.5 ae, Se 
OeE D 1400 8.0 srs Pig: == 6.0 
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APPENDIX VII. Water temperatures (°C) in Clyde Pond at 
four times of the day for thermograph Station 
A during the period April 28 to September 
15, 1969. Station A was 15 inches below water 
surface at about 12 feet from shore. 
en ge ee Ee ae ee eae ee TE Ch 
Date Time of day 
0600 hrs 1200 hrs 1800 hrs 2400 hrs Mean 
ee oS eee 5 ee es a RE ee | 


April 28 1030 9.5 
29 9.0 10.0 12.0 16 LO<5 
30 10.0 14.0 15.0 13.0 13306 
May 1 1.0 18.0 16.0 13.5 13.5 
2 12.0 130 1425 13.5 130 
3 135 a) T2206 ig eae 10.5 
4 10.5 14.5 13ers 11.5 17.5 
5 10.5 12.0 15 10.5 130 
6 9.0 10.5 12°56 102.0 10.5 
7 8.5 10.0 3.0 1.5 1025 
8 10.0 13.0 15.0 V3.0 125 
9 2.5 13.5 15.0 1420 13.5 
10 12.0 Ls:..0 16.5 245 14.5 
a1 138.0 15.0 16.5 15.0 15.0 
12 13.5 16.0 17.0 15.0 15.5 
13 14:0 16.5 18.5 15.5 16.0 
14 14.5 13.5 14.5 12-0 13.5 
15 11.5 14.0 13.5 i.5 13:6 
16 20 16.0 17.6 123.5 14.5 
17 12.5 14.5 15.0 12.0 13.5 
18 11.0 13.5 13.0 160 12.0 
19 10.5 13835 130 sigs’ 120 
20 14.5 1355 16.5 13:5 1220 
21 11.5 14.0 16.0 15.0 1450 
22 13.5 14.5 16.5 14.5 15.0 
23 13.5 17 20 2025 18.5 1750 
24 16.5 16.0 2150 19.5 18.5 
25 18.0 18.0 20.5 18.5 19.0 
26 17.0 15.5 15.5 15.5 Toa 
27 14.5 13.5 135 i335 1345 
28 1250 13.0 15.0 14.5 1325 
29 14.0 15.5 15.5 15.0 15.0 
30 14.0 14.0 15.0 14.5 1425 
31 13.5 HS EO 19.0 17 20 16.0 
June 1 15.5 16.0 bay wen i Le20 L6s5 
2 16.0 LTeO 18.5 18.0 785 
3 197.20 18.0 19.5 19.0 18.5 
4 18.5 19.0 20.5 20.6 19.5 
5 19.0 21.0 20.5 19.5 20.0 
6 18.5 18.5 19.5 19.0 18.5 
7 17-0 20.5 23.0 2025 20.0 
8 18.5 20.5 23.0 27.6 20.5 
9 1025 24.0 20.0 19.5 20-0 
10 18.0 19.0 2%..0 20.0 19.5 
11 1eV0 18.0 18.5 18.0 18.0 
i 16.0 17.0 19.0 1750 17.5 
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APPENDIX VII. Continued 


TE ee eT 
Date Time of day 
0600 hrs 1200 hrs 1800 hrs 2400 hrs Mean 


a a A a a ld a rs ae en 


June 13 16.0 18.0 20.5 19.5 18.5 
14 veo 19.0 21.0 19.5 19.0 
15 16.5 19.5 20 19.5 19.0 
16 18.5 19.5 20.5 19.5 19.5 
1] 18.5 19.5 20.5 - = 19.5 
18 aoe == — se a2 
19 - - 18.5 20.0 18.5 18.5 
20 V750 19.0 19.5 18.0 18.5 
rail 16.5 18.5 21.8 20.5 19.0 
22 18.5 19.0 19.5 18.5 19.0 
23 18.0 19.0 19.5 18.5 18.5 
24 1720 18.0 Die 6 18.5 18.5 
25 16.5 18.5 210 19.5 19.0 
26 170 2AE0 22.0 20.0 20.0 
27 18.0 O60 28.0 20.0 20.5 
28 18.5 20.0 20.5 19.5 19.5 
29 18.5 20.0 19.5 18.5 19.0 
30 170 17.0. 19.0 18.5 18.0 

July 21 16.5 19.5 20.0 20.0 19.0 

2 18.5 19.0 21:0 21.5 20.0 

3 20.0 19.0 18.5 18.0 18.5 

4 17.0 17-20 19.5 18.0 18.0 
5 16.5 1750 18.0 18.0 17.5 
6 16.0 16.5 16.0 15.5 16.0 
7 15.0 15.5 17.0 17.0 16.0 

8 16.0 16.5 18.0 18.0 1750 
9 16.5 19.0 Deco 21:6 19.5 
10 19.5 24.5 23.5 21 0 22.0 
11 18.5 19.5 21.5 19.5 19.5 
12 pis deat 18.0 19.5 18.5 18.0 
73 16.5 16.0 18.5 17.50 170 
14 16.0 16.0 17.0 1720 16.5 
15 15.5 16.0 17.0 1750 16.5 
16 15.5 16.5 70 19.0 17.0 
17 17.0 18.5 19.5 18.5 18.5 
18 16.5 18.5 20.0 19.5 18.5 
19 17.0 18.5 20.5 20.5 19.0 
20 18.5 21.0 20.5 18.5 19.5 
21 17.0 1730 19.5 19.0 18.0 
ny: iO Teno 20.0 19.5 18.5 
23 18.0 19.0 20.5 20.5 19.5 
24 19.5 Fi 22 40 20.5 21.0 
25 19.5 19.0 18.0 18.0 18.5 
26 16.5 16.5 19.0 19.5 18.0 
27 18.0 18.5 19.5 20.5 19.0 
28 18.5 19.5 19.5 19.0 19.0 
29 18.5 1720 16.5 16.5 17.0 
30 15.5 16.5 18.0 19.0 17.0 
a P70 18.5 19.5 18.5 18.0 
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APPENDIX VII. Continued. 


eb ot Ei ee OUR Ly ih. he el 
Date Time of day 
0600 hrs 1200 hrs 1800 hrs 2400 hrs Mean 


Geena 18.5 19.5 20.5 20.5 19.5 
2 19.5 19.0 21.0 19.0 19.5 
3 18.0 19.0 2020 18.5 18.5 
4 18.0 18.5 19), s 20.0 19.0 
5 18.5 18.0 18.0 1720 18.0 
6 16.0 16.5 18.5 19.5 Ti 
7 18.5 20.0 19.5 19.5 19.5 
8 19.5 20.0 aoe 2a0 20.5 
9 20.5 216 22.5 Dai nd 21.5 

10 20.0 19.5 20.0 19.5 19.5 
isk 18.0 19.0 bP Ns 20.0 19.5 
12 19.0 18.5 18.0 i700 18.0 
13 16.0 18.0 18.5 18.5 Tes 
14 bg Exe 18.5 18.5 18.0 18.0 
15 18.0 18.0 19.0 PPE 18.0 
16 16.5 15.5 15.0 15.0 15.5 
17 170 14.0 15.0 15.5 14.5 
18 15.5 15.0 19.0 17.0 16.5 
19 16.0 15.5 16.0 15.5 16.0 
20 15.0 16.0 18.5 ng abate 16.5 
21 15.5 15.5 16.0 15.5 15.5 
22 14.5 15.0 16.0 15.5 15.5 
33 15.0 16.0 16.0 16.0 16.0 
24 15.5 16.0 19.0 16.5 17.0 
25 15.5 16.0 17-0 16.5 16.5 
26 16.0 15.5 16.5 16.5 16.0 
a 15.0 15.5 15.5 15.5 15.5 
28 15.0 15.5 15.5 15.0 15.5 
29 14.5 15.0 15.5 15.0 15.0 
30 14.5 14.5 15.5 15.0 15.0 
31 14.0 14.5 15.0 15.5 14.5 

Sept. 1 15.0 15.0 15.5 15.5 15.5 
2 15.0 15.5 170 15.5 16.0 
3 15.0 14.5 14.5 14.5 14.5 
4 14.0 14.0 14.0 13.5 14.0 
5 13.0 i200 T2709 12.0 1375 
6 ies 117s Np 7240 120 
7 Fie 13.0 14.0 12.0 1295 
8 i270 1220 1270 P20 125 
9 13°60 14.0 14.5 14.5 14.0 

10 15.0 15.5 18.0 TAG 16.5 
re! 15.5 15.0 15.0 15.5 15.5 
12 15.5 15.5 15.5 15.5 15.5 
13 14.5 14.5 14.5 rs 14.0 
14 12.0 11.5 Pid 10.5 11.5 
15 9.5 9.5 - - -- == 
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APPENDIX VIII. Water temperatures (°C) in Clyde Pond at four 
times of the day for thermograph Station B 
during the periods June 19 to 26 and July 
9 to August 18, 1969. Station B was at the 
bottom of the pond, about 12 feet from shore. 


Date Time Of’ da 
0600 hrs 1200 hrs 1800 hrs 2400 hrs Mean 


a a ee ee Te Se 


June 19 rie 770 nypat 18.0 L735 
20 gb’ 70 170 18.0 75 
21 18.0 16.5 16.5 16.5 hghegs) 
ae, 16.5 16.5 1720 270 170 
23 1770 17.0 18.0 18.0 17.5 
24 HAS 1020 15,20 18.0 17.5 
25 16.5 a7.0 T7e0 16.5 170 
26 17.0 170 170 1720 1750 

July 9 15.5 15.0 16.5 16.5 16.0 
10 16.0 16.0 16.0 16.0 16.0 
11 16.0 16.5 17210 L7A0 1700 
12 16.5 16.5 16.5 16.5 16.5 
13 15.5 15.5 15.0 15.0 15.5 
14 15.5 15.5 15.5 15.5 15.5 
15 15.5 15.5 1505 15.5 15.5 
16 15.5 15.5 15.5 15.5 15.5 
17 15.5 15.5 16.0 16.0 16.0 
18 16.0 16.5 16.5 16.5 16.5 
19 16.5 16.5 16.5 16.5 16.5 
20 16.5 16.5 16.5 16.5 16.5 
oy 16.5 16.5 16.5 16.5 16.5 
22 16.5 170 ee 17.0 17.0 
23 at 17.0 T70 17.0 1750 
24 17.0 a0 18.0 18.0 17.5 
25 18.0 18.0 18.0 18.0 18.0 
26 17.0 16.5 16.5 16.5 eie0 
27 16.5 16.5 16.5 16.5 16.5 
28 16.5 16.5 17:0 170 17e0 
29 17.0 170 iO 17.0 750 
30 16.0 15.5 15.5 15.5 15.5 
31 15.5 15.5 15.5 15.5 15.5 

Aug. 1 15.5 15.5 16.0 16.0 16.0 

2 16.5 16.5 fey est 70 17.0 
3 17.0 T7250 i720 i920 17:0 
4 16.5 16.0 16.0 16.5 16.5 
5 16.5 17.0 170 18.0 17.5 
6 1720 16.5 16.0 16.0 16.5 
7 16.0 16.0 120 16.5 16.5 
8 16.5 16.5 16.5 16.5 16.5 
9 16.5 16.5 1720 1720 17.0 
10 17.0 18.0 18.0 18.0 1925 
del 18.0 18.0 18.0 18.0 18.0 
12 18.0 1750 17.0 £750 17.5 
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APPENDIX Vill .« Continued 
Date Time of day 
O600“hrs-—1200~-hrs*—-1'800 hrs? *2400-hrs 
Aug. 13 L625 16.0 16.0 16.0 
14 16.0 16.0 16.0 16.0 
15 16.0 16.0 16.0 16.0 
16 16.0 L525 15.55 1425 
17 Le 1245 14.0 14.0 
18 14...0 14.0 -- -- 
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APPENDIX IX. Numbers of Helisoma trivokvis recovered from 
dredge samples collected in Clyde Pond during 
1968 and 1969. Juveniles were snails hatched 
in the current season while adults had sur- 
vived at least one winter. 


Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 
1968 

May 16 iy 0 0 0 0 
3 0 0 0 
6 0 1 1 
9 0 i i 
de2 0 L i 
15 0 0 0 
18 0 0 0 
21 0 0 ) 
May 24 it 0 0 0 0 
3 0 0 0 
6 0 0 0 
9 0 0 0 
eZ 0 0 0 
LS 0 0 0 
18 0 0 0 
21 0 0 0 
24 0 0 0 
27 0 0 0 
2 0 0 0 0 
3 0 0 0 
6 0 4 4 
9 0 0 0 
1) 0 0 0 
15 0 0 0 
18 0 0 0 
21 0 0 0 
0 0 0 0 
June 17 1 ine 0 0 
3 0 2 2 
6 0 0 0 
9 0 L uF 
2 0 0 0 
15 0 }. 1 
18 0 0 0 
aA 0 0 0 
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APPENDIX IX. Continued. 


Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 
1968 

June 17 2 0 0 0 0 
15 0 0 0 
4 0 0 0 
7 0 uf 1 
10 0 0 0 
13 0 1 1 
16 0 0 0 
July 2 1 0 0 0 0 
3 0 1 a 
6 0 0 0 
9 0 0 0 
12 0 0 0 
15 0 0 0 
18 0 0 0 
2 0 0 0 0 
2 1 0 a 
5 0 i 1: 
8 0 0 0 
14 0 0 0 
14 0 0 0 
17 sk 0 ih 
20 0 0 0 
July 16 1 0 0 i: 1 
2 10 0 10 
4 14 0 14 
6 4 0 4 
8 6 1 7 
10 2 13 3 
12 0 0 0 
14 0 0 0 
SD 0 0 0 
2 0 iL 1 2 
2 38 0 38 
4 1¥, 0 27 
6 7 0 y/ 
8 1 0 1 
10 0 0 0 
12 0 0 0 
14 0 0 0 
16 0 0 0 
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APPENDIX Ix. 
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Date 
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Continued. 


APPENDIX IX. 


Distance 


Number of Snails Recovered 


Series 
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Date 
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APPENDIX IX. Continued. 


Sr ere a ee ee a er 


Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 


Sept. ll 4 0 0 0 0 
2 0 0 0 
4 2 0 2 
6 2 0 2 
g 2 0 2 
10 0 0 0 
12 6 0 6 
14.5 2 0 2 
335 3 0 3 
35 0 0 0 
Oct. 3 2 0 1 0 1 
a Nags 2 0 2 
3 0 0 0 
4.5 1 0 1 
6 1 0 1 
7.5 0 0 0 
9 3 0 3 
Ni 27 0 27 
16.5 il 0 1 
26.5 0 0 0 
36.5 0 0 0 
1969 
May 16 i 0 0 0 0 
1.5 0 i 1 
3 0 0 0 
4.5 0 1 1 
6 0 Bk a) 
7.5 0 2 2 
9 0 0 0 
10.5 0 Ne 1 
12 0 0 0 
T3°5 0 0 0 
15 0 1 i 
16.5 0 i 1 
18 0 2 2 
19°55 0 1 i 
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APPENDIX IX. Continued. 


a a a ee Oe 


Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 
See pee eran 9 Sg ae tao Ne es es Oe ee eee Ee ee 
1969 . 
May 16 Z 0 0 0 0 
Tes 0 nk a 
3 0 5 5 
ae 0 4 4 
6 0 Z 2 
Be 0 0 0 
9 0 0 0 
10.5 0 1 ie 
TZ 0 0 0 
aes Sogo 0 1 5 
T5 0 cf wih 
6.5 0 uk _ 
18 0 3 3 
June 13 1 0 0 0 0 
| LS 0 0 0 
5 0 0 0 
a5 0 4 4 
6 0 4 4 
7S) 0 0 0 
9 0 0 0 
10.05 0 0 0 
iz 0 1 1 
oS 0 0 9) 
sie 0 0 0 
16.5 0 0 0 
Z 0 0 0 0 
5 0 ik a 
3 0 2 2 
4.5 0 2 2 
6 0 0 0 
cS 0 1 1 
9 0 0 0 
10.5 0 0 0 
ip 0 1 bl 
12 0 1 i 
13.5 0 0 0 
13.5 0 1 1 
15 0 de il 
16.5 0 0 0 
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Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 
1969 

June 13 Ss 0 0 0 0 
i MEGS 0 i uf 
3 0 2 2 
a. 5 0 2 2 
6 0 2 2 
hie 0 0 0 
9 0 0 0) 
10.5 0 0 0 
10,5 0 0 0 
12 0 a i 
Pans 0 0 0 
15 0 0 0 
EGisD 0 0 0 
4 0 0 0 0 
i} 0 1 1 
3 0 0 0 
4.5 0 0 0 
6 0 1 1: 
Ree 0 0 0 
9 0 0 0 
0-5 0 uF 1 
LZ 0 0 0 
3% 5 0 0 0 
25 0 0 0 
16:5 0 0 0 
July 8 if 0 L ny 2 
2.5 0 0 0 
€ 0 0 0 
4.5 0 0 0 
6 0 0 0 
15 0 0 0 
9 0 0 0 
10.5 0 0 0 
i: 0 0 0 
14.5 0 0 0 
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Continued. 


APPENDIX Ix. 


Distance 


Series 


Number of Snails Recovered 


Date 


to shore 
(feet) 


Adults Total 


Juveniles 


1969 
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Date Series Distance Number of Snails Recovered 
to shore 
(feet) Juveniles Adults Total 


Aug. 14 2 0 0 0 0 
Heys) 0 0 0 

3 0 0 0 

a5 0 0 0 

6 0 0 0 

75.5 0 0 0 

9 0 0 0 

EOE.5 0 0 0 

12 0 0 0 

1365 0 0 0 

3 0 0 0 0 
A tyes’ 0 3 3 

3 0 0 0 

4.5 0 0 0 

6 0 0 0 

Thee) 0 0 0 

9 0 0 0 

iW aps 0 0 0 

iy 1 0 al 

13,5 0 0 0 

4 0 0 aL 1 
25 0 0 0 

3 0 0 0 

4.5 0 0 0 

6 0 0 0 

RRS 0 0 0 

9 0 0 0 

1025 0 0 0 

12 0 0 0 

13.55 0 0 0 

Sept. 9 1* 0 0 0 ‘ 
25 0) 0 0 

3 0 1 1 

4.5 0 0 0 

6 0 0 0 

fads 0 0 0 

9 0 0 0 

10.5 0 0 0 

12 0 0 0 

13.5 0 0 0 


*Series 2,3, and 4, with samples collected at the same dis- 
tances as in series 1, yielded no snails. 
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APPENDIX X. The numbers of new egg masses of Helisoma 
tnivokvis deposited on Plexiglas substrates in 
Clyde Pond between inspection dates. 


Oviposition Substrates 
Periods 
iv 2 & 4 5 6 7 8 9 10 ibal 12 
May 1-5 0 0 0 2 aL 0 0 0 0 0 0 0 
6-7 0 2 0 0 L AL 0 a 0 0 0 0 
8-10 Seow Sen 12 5 6 0 if 1b 0 zh 0 
11-13 fie ma Lesa EE: 9 Sigs) Wi bs hoki 8h 0 0 al 0 0 
14-16 awed Oc 91-0) 6 9 19 65 27. 3 2 4 S 
17-20 - 8 md ee Ane 8 is eee 2 Ole 2 9 x lat 3 
21-23 ~ 3 Cae et hee So py Oe 4 10 ls 
24-26 - DRL 6 rae 9)) lor i290 230° 522 18 35 24 
27-28 ~ D5 2 5 3 7 Al: 5 8 12 5 
29-30 ~ uf 3 os 5 See a ae Been Be 5 25 iN?) 13 
31- - 4 1 8 Seo a4 4 2 6 sy 18 19 
June 2 
. 3-4 - uh 3 Z 5 8 7 sh 6 3 8 3 
5-6 - 2 0 2 al 3 3 3 is 3 2 4 
7-9 - 2 5 2 il 6 i 2 2 2 2 0 
10-11 ~ 0 0 0 0 0 il 0 3 0 0) af 
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